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“When engineers saw they didn’t have any 
knobs, they were scared they’d lose control, 
but now they’re in love with the thing” 


So happy, indeed, that when 
AMI offered to brief our people 
on their side of the story, we 
asked if we could publish some 
of their comments. They're re- 
produced here. 


The validity of their comments? 
Each uses Sentry 600, relies on 
Sentry 600, and has one or more 
Sentry 600 systems in their 
department: Ed Carcher, Man- 
ager of Product Characteriza- 
tion; George Gray, Manager, 


“We have yet to find 
test on the Sentry 6007” 


Slightly over a year ago, 
American Microsystems, Inc. 
ordered their first Fairchild 
Sentry 600. 

Today, nine Sentry 600's are 
on line at AMI. Number ten is 
on its way. Each system was 


carefully evaluated by AMI™ 


And then the next ordered. The 
result? AMI is now the largest 
purchaser of Fairchild's Sentry 
600. It’s a happy association. 

















The thing we hate 
most abou: it is 
the thing we love 
most about 1t!” 


.\ 


Test; Bill McNeally, Supervisor, 
Test; Bob Frohman, Supervisor, 
Systems Software Support; 


Fred Jenne’ Director of Ad- 


vanced Product Development. 


You’d need a wall full 


of knobs to let them 
do slowly what S-600 


does fast” 


a device we couldn’t 


“Field service and 


support is very good, 
relatively speaking. 
Fairchild is the least 


They know semi- 
conductor testing. 
And they know 
the Sentry 600. 


The Sentry 
600. Just 
one function- 
optimized 
component 


in the Fairchild 


Optimized for 
engineering, 
sophisticated production, and 
“QA/test center operations, the 
Sentry 600 performs the widest 
range of tests for the broadest 
range of components. High 
speed MOS/LSI, PCB and bi- 
polar testing simultaneously. 
Complete testing at wafer level 
and in automatic handlers at 
full rated device speeds. Fi- 
nally, and most important to 


“Without the Sentry I would never even try 
to get this type of data” 
“One insertion goes | 
through 50 different 
tests — we are check- 
ing parameters, not 
making Go/No-Go 


tests” 
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worst in the industry.” 


AMI, extensive peripheral 
choice for massive data gener- 
ating capacity. Manipulate. 
Analyze. Compute. 


But don't take our word on it. 


Listen to AMI: ‘‘When we went 
to buy a system, we could buy 
anything we wanted. We were 
not restricted by what the rest 
of the company had. We made 
an evaluation and chose the 
Sentry 600. It lived up to ex- 
pectations fully!’ 


AMI's experience: It’s a good 
reason to check into Fairchild 
Sentry systems. Because it’s 
time you had a semiconductor 
test system that lives up to your 
needs and expectations. 


Fairchild Systems, A Division 
of Fairchild Camera and Instru- 
ment Corporation, 1725 Tech- 
nology Drive, San Jose, Cali- 
fornia 95110. (408) 998-0123 

TWX: 910-338-0558. 
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Thyristors, Rectifiers 
and Capacitors 
as 


6 new high speed Thyristors 


C609 SWITCHES 1400A pk @ SKHz 
C509 SWITCHES 1000A pk @ 5KHz 


New involute interdigitated pellet configura- 

tion allows more than double the frequency- jm 
Current capability of comparable competitive - 
types. 


- C364,275A RMS, up to 600V, 10 j:sec tq 
C365,275A RMS, up to 600V, 20 psec tq 


For high speed, low-loss power switching in 
1-10 KHz range. 


# 


C149,63A RMS, up to 600V, 10. and 20 jsec tq 


C148.55ARMS. up to 1200V, 30 and 40 j,sec tq. || 


15° C cooler operation than competitive types 
at same case temperature; 4"'-28 stud mount 
package. 


For more information contact 


LZ 


New fast recovery Rectifiers 


A396, 400A Ave, 1200V, up to 10KHz 
A596 750A Ave, 1400V, up to 5KHz 


Companions to GE inverter SCR types C398, 
C509, C609. Better ratings and characteriza- 
tion than comparable competitive types. 


Capacitors 


Metal-encased paper, metalized paper and 
poly-carbonate film dielectric capacitors are 
available in a variety of case styles and several 
lead terminations. Ratings from 0.1 to 150 uf 
and up to 2,000V DC. 


General Electric Semiconductor, Electronics Park 7- 49 : 


Syracuse, N.Y. 13201 


GENERAL @ ELECTRIC 








The fresh, new approach 
to Advanced System Design.. 


Winchester Electronics 
Back Panel Packaging 
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Now you’ve got a better way to make those ideas bud, 
blossom and bear fruit. It’s Winchester Electronics 
Back Panel Packaging... the fresh, new approach to 
advanced system design. Right now, it’s capturing the 
imaginations — and appreciation — of electronics 
mackaging engineers everywhere. And for good 

ason. 


With Winchester Electronics Back Panel Packaging, 
you Can carry your design into any dimensions you 
want. Freely. Without compromising performance or 
straining the budget. 


The fresh, new approach anticipates the multitude of 
choices and pin-point decisions you have to make. 

And simplifies your task with a logic you must see to 
believe. It puts you in command of not one, but 3 basic 
systems. Metal Frame, Metal Plate and Printed 

Circuit Back Panel Packaging. So you choose the one 
that fits best and then spring forward from there. 

Using any of an abundant, compatible crop of printed 
circuit, input/output and other discrete connectors. 


Using any of many types of contacts, grid spacing or 
terminations you prefer. All this and more because... 





Winchester Electronics Back Panel Packaging turns on 
comprehensive, in-depth experience for you, too. 
Applications-oriented engineering . . . fueled with 
ideas, capabilities, production savvy and facilities to 
help you design-by-specifying. So you get what you 
need. From custom back panels to complete, 
packaged systems. Assembled panels, 
interconnections, components, wiring, Card cages... 
exactly what you specify to suit the cost/ performance 
requirement you face. 


Winchester Electronics Back Panel Packaging. To 
speed your design, production capabilities and 
competitive success — it’s the berries! Write now for 
our new Winchester Electronics Back Panel Packaging 
Handbook. You’ll like the story it tells. Winchester 
Electronics Division, Main Street & Hillside Avenue, 
Oakville, Connecticut 06779 (203) 274-8891. 


LH WINCHESTER ELECTRONICS 
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One of our strong suits is solving tough 
performance/ packaging problems by creat- 
ing great hybrid microcireuits. We' ve been 
doing it for years. 

Remember that. Because chances are 
youll bump into occasional design problems 
standard products just can’t handle. 

Then talk to us. Because we're really into 
hybrid technology. Not only with appli- 
cations and design assistance, but also with 
one of the finest manufacturing facilities in 
the natioh. Which lets us turn out highest- 
quality volume production, to time schedules 
few others can meet. And all at competitive 

prices. 
Remember, too, hybrids don’t have to be 





super-exotic circuits. Typical custom units 
we make are modem and tone frequency fil- 
ters. Entertainment system DACs and 


equalization filters. Custom display sub- 


trates. MIL-performance log amps, regula- 
tors, DACs, ADCs, and many others. 

So next time you’re stumped by a sticky 
problem, think “custom hybrid.” And think 
“Beckman” for quick response, high quality, 
and fast delivery. 

If you need immediate technical literature 
or the phone number of 


your local Beckman/ 
Helipot representative, 
call toll-free (800) 

437-4677. HELIPOT DIVISION 
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EDITORIAL 





The other side of the coin 


Elsewhere in this issue, ‘Do you have what it takes to be an effective . 
engineer?” touches on a subject of which | am very sensitive: the 
value of human resources and the effective use thereof. The article 
presents, in a positive way, the characteristics of engineers who are 
dynamic influences in their personal and corporate environments. 

But there’s another side to the coin. Industry too often fails to use 
even effective engineers effectively. I’m sure you know what | 
mean. For example, as hard as you try, often there’s no way you Can 
get a technician assigned to your project. So you end up building 
and testing the design yourself. Likewise, you frequently can’t get 
cooperation from purchasing, so you order your own parts. Keep in 
mind I’m talking about organizational ineffectiveness, not personal 
ineffectiveness. 

Such a waste of talent borders on being criminal. Criminal from 
the traditional business sense because the resulting productivity is 
excessively low (the best engineers do not make the best 
technicians); and criminal from a human resources standpoint 
because either the company loses its good people, or those good 
people who stay become ineffective and disillusioned (effectively 
sabotaged) individuals. 

How many technicians can a good, effective engineer support? 
Depending on the circumstances, isn’t it probably anywhere from 
one to six? How many work for you? If the ratio is inadequate, 
doesn’t it make you angry? (Especially with an engineering 
“shortage” currently being reported?) If so, what have you done 
about it? What happened? : 

We'd like to know the answers to these questions. EDN believes 
engineering should be an effective, meaningful and professional 
occupation. If you agree, write us. We, will combine your ideas into 
an article entitled ‘Guidelines for the effective employer.’’ Watch 
for it. 


Ata 


Walt Patstone 
Managing Editor 








Which Heinemann 
overvoltage protector 
should watch over 
your electronics? 


Below 5 amp dc Our tiniest hybrid 

(a thick-film microcircuit) packs a 
sensing amplifier, control circuit, and 
SCR “crowbar’’. When voltage equals 
the protector’s rating, the SCR fires, 
shunting the load to ground in 500 
nanoseconds—before any damage 
can be done. 








Up to 1 amp ac A 200V trip 
rating makes our Series 1 
protector ideal for electronic 
equipment operating froma 
117V line. 


Transient clipper This device 
absorbs the energy of a transient 
while clamping the line to a 
predetermined voltage, allowing 
your circuits to continue operating 
during a voltage transient. 





You can’t build protectors like these for anywhere 
near our low prices. And our single-package design 
eliminates all the multi-component assembly and 
mounting problems of do-it-yourself units. For 
complete technical data, have us send you Bulletin 
3372. Heinemann Electric Company, Brunswick Pike, 
Trenton, N.J. 08602. 


HE:iINEMANN 
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5-30 amp dc These protectors 
are made from discrete 
electronic components, but 
they offer the same protection 
and economy as the hybrids. 
Series 10 can handle up to 10 
amp. Series 30 is good for 30 
amp. Both are available ina 
range of trip voltages. 
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Solitron is your 
*I source for 
Industrial Power 
Transistors! 


SOLITRON COVERS THE INDUSTRIAL SPECTRUM 
WITH A WIDE LINE OF NPN AND PNP DEVICES. 








Solitron makes the best — and one of the broadest — lines of industrial power | 
transistors available anywhere. At competitive prices. 


Our experience over the years with hi-rel manufacturing techniques assures the 
performance, ruggedness and reliability of every Solitron industrial device. It allows 
us to produce a high volume for off-the-shelf delivery. | 


Review the chart of some of the industrial power transistors we’ve introduced over the 
past few months. They’re ideal for applications such as high voltage switching 
regulators, DC to DC converters, motor drivers, audio amplifiers, series and shunt 
regulators, and many others. Because Solitron offers a wide variety, you can pick the 
package that best suits your needs, including the popular TO-220 Plastic Case. 


So, no matter what your industrial requirements, new design or current production 
item, contact the ‘NO. 1” source for industrial power transistors. 


NEW SOLITRON INDUSTRIAL POWER TRANSISTORS 


Pre ee le sae 
| | (sus) (max) (typ) TIMES (typ) 
| s07-96301-03 | 10-3 | g0-325v_ | ov | 70a | 10min@ 40a tov | 10MHz | 
10min @ 70k. | 10MA7 | 
208_[ 10min @ 58 5V 
40-150V 40 min@5A.5V | 40MHz | 
Psoressori0 | 1039 | 4oisov | ev | 10a | 40mn@sasv | 40Me| 
are ae 








40 min @ 5A, 5V 


7 LINGTON SERIES 


| 

SDM-20301-04 | 10-3 Steel | 40-100 1000 min @ 5A. 5V | 20 MHz 
SDM-20311-14 | T0-3 Steel} — 40-100V 1000 min @ 10A.5V| 20 MH? 
SDM-20321-24 | 10-3 Steel | 40-100V 750 min @ 10A, 5V | 20 MHz 


Contact us today for specifications, prices and our 1974 Product Catalog. 


Jolitron 


DEVICES, INC. 


1177 Blue Heron Boulevard, Riviera Beach, Florida 33404 
TWX (510) 952-7610 © Tel: 800-327-3243 


J 
> 
> @) 


* TO-61 Isolated 
Version also 
available. 





SAN DIEGO, CALIF. RIVIERA BEACH, FLA. TAPPAN, N.Y. 
8808 Balboa Ave. 1177 Blue Heron Blvd. 256 Oak Tree Road 
CMOS, PMOS Circuits Hi-Rel Power Transistors Ferrite & Ferrite Devices 
Diodes, Rectifiers & Power Hybrids High Voltage Assemblies 
Zeners PNP-NPN Industrial Power Rectifiers 
FET & Dual FET Transistors Thick Film 
Transistors _ Fast Recovery Diodes Hybrid Circuits 
High Voltage Assemblies Schottky Diodes 


Linear & Monolithic IC's 
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Relax.You have some friends at Boeing. 





If you're trying to figure out the trade-off 
between pc's and hybrids, Boeing 
specialists can provide prompt, precise 
answers. Or, if you've never specified 
hybrids, Boeing can help and put your 
mind at ease. More than 150 people 
are engaged in this activity af the 
Boeing microcircuit facility near Seattle. 





Boeing has a tremendous investment in 
hybrid capability. We're in this business 
to stay. For example, few manufactur- 
ers in the business can match the quality 
and throughput capacity of the Boeing 
thick film facility. And when it comes fo 
laser trim systems — we have three for 
resistor trim. 


If you'd like immediate action, you can 
call Gordon Arenz, (206) 773-9111. 





Boeing does just about everything that 
can be done in hybrids — precision thin 
film, multilayer thick film, high volume 
commercial circuits and complex high 
rel circuits. We go full tilt for customers 
who've never used hybrids. And we've 
always been a consistent performer for 
some of the largest accounts around. 





Every step of the way, your order is pro- 
cessed with care and dedication to ab- 
solute perfection. This attitude prevails 
throughout the entire Boeing organiza- 
tion. It’s true in building the giant 747s, 
the Lunar Rovers that went to the moon 
and in every phase of hybrid circuit pro- 
duction. 


TO: BOEING MICROELECTRONICS 
P.O. Box 24666, Seattle, Washington 96124 


Dear Gordon Arenz: 


O I'd like to arrange a conference to discuss 
my hybrid circuit requirements. 


velopments in hybrid circuits. 


Name 





Boeing has a technical team in the field 
that understands your hybrid circuit ap- 
plications. No matter whether your busi- 
ness is compufers, communications, 


calculators, 
automotive 


medical electronics, 
electric watches or 
electronics. Our peo- 
ole are trained to 

act quickly and 
to stay on fop 
of the job 

until finished. 















Company 





Title _ 





Address _ 








City — State Lip 
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DESIGN NEWS 





Liquid crystal light valve generates 
colors for projection systems 


Erwin Vodovoz, West Coast Editor 


Progress on the liquid-crystal 
light valve (LCLV) has developed 
to the point where it can 
produce a black on white, white 
on black, or a 4-color display. Its 
initial development was first 
reported at the 1972 Internation- 
al Electron Devices Meeting 
(EDN, February 5, 1973, pg. 17). 
The device, developed at the 
Hughes Research Laboratories in 
Malibu, CA, provides a 5-ft 
screen via a projection system. 
First use of the LCLV will be a 
symbology display for a Navy 
tactical command data system. 
System operation is shown in 


CLOSED 
CIRCUIT 
TV CAMERA 


HIGH—VOLTAGE 
POWER SUPPLY 


VARIABLE— 
RATE 
DEFLECTION 
ELECTRONICS 


ELECTRONIC 
IMAGE 
GENERATOR 


Fig. 1. In this case, the data to be 
shown comes from a CRT whose 
source is a TV camera or 
electronically generated charac- 
ters. Slides may also be used 
with a low-power light source 
such as the raster from a CRT. 

To be able to modify the 
display between black on white 
and white on black, the blocking 
aperture (Fig. 1) is replaced with 
two polarizing filters. Rotation of 
these filters causes reversal of 
the display. 


What makes it tick? 


Heart of this system is the 





Fig. 1—Versatile LCLV system can project slides, TV or an electronically-generated 


display. 
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Fig. 2—Liquid-crystal light valve con- 
struction makes use of thin-film tech- 
nology and nonexotic materials. Produc- 
tion should be easy. 


liquid crystal light valve shown 
in Fig. 2. Operation of the device 
can be thought of in terms of 
two resistors, R; and Rp», in series 
with a voltage source V (Fig. 3). 





Fig. 3—Equivalent circuit of the LCLV is 
Shown for low frequencies. As the bias 
frequency goes up, the photoconductor 
becomes capacitive, reducing the range 
of colors. 
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VOLTAGE, rms, 200 Hz 


Fig. 4—Color vs. voltage characteristics 
of the LCLV is what allows this device to 
produce color or black and white. 


R;, is the resistance of the liquid 
crystal and R;» is the resistance of 
the photoconductor. When an 
ac bias voltage is applied to the 
transparent conductive elec- 
trodes, a voltage is developed 
across R; and Rp. When light is 
then applied to the photocon- 
ductor, the value of Rp changes, 
causing a change in the voltage 
across the liquid crystal. 





Fig. 6—Three colors plus white are available with the present LCLV. A good deal of 
work must be done to use this device for a color projection system. 


This changing voltage is the 
key to the LCLV’s flexible 
operation. Fig. 4 shows the 
effect on the liquid crystal and 
the resultant color or shade of 
gray as a function of this 
changing voltage. Four colors or 
seven shades of gray are 
available due to this mechanism. 

Within the system, the LCLV 
operates like a triode. Data 





Fig. 5—Resolution testing is shown above in a laboratory system. LCLV is on the right 
and the green pattern on the left is a slide. 


coming from a relatively low- 
level light source modulates the 
projection of the high-level 
light. 


The hard facts 


Voltage levels on the LCLV 
range up to 12V and the current 


level is in the hundreds of pA. 


Power levels are therefore in the 
mW range. 

The frequency of the bias 
voltage ranges from about 30 Hz 
to 500 kHz. At the low-frequency 
end more voltage develops 
across the photoconductor. 
When using a high frequency, 
there is less range of color, but 
the resolution is better, decay 
time is shorter, and the device 
has better operating sensitivity. 

Light power levels required 
for the early LCLV were about 
500 pW/cm?. With improve- 
ments in film deposition and 
polishing techniques, as little as 
3 pW/cm? are now required. 
Also, the lifetime of the first 
LCLV was fairly short. Changing 
from dc to ac and isolating the 
photoconductor from the liquid 
crystal has solved that problem. 
Units built in a laboratory 
environment without the benefit 
of clean-room purity have now 
been operating for a year with 
no degradation. 
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In the area of resolution, 1500 
lines/in. have been achieved. 
With controlled production 
techniques, it should be pos- 
sible to maintain this resolution. 

Temperature operating range 
is 10 to 60°C. 40°C is the typical 
operating temperature in the lab 
with high-intensity light on the 
LCLYV. 

One major advantage of the 
LCLV is that it uses noncritical 
materials and proven technolo- 
gies, therefore production costs 


should be low. A laboratory 
model is shown in Fig. 5 and a 
sample of colors available can be 
seen in Fig. 6. 


Where to from here 


Beyond the first symbology 
projection system, NASA is 
looking at this device for use ina 
data processing system to be 
installed in a satellite. Using a 
light intensifier, starlight will be 
used to excite the LCLV to obtain 
the required data. It can also 


Is sensitivity breakthrough the key 
to low-cost CW laser detectors? 


Sensitivity of a laser-induced 
electrical effect in molybdenum 
films has been increased by 
about 1000 times in recent 
studies at IBM’s Thomas J. 
Watson Research Center in 
Yorktown Heights, NY. As a 
result, long laser pulses and 
even continuous (CW) laser light 
have produced voltages in the 
plane of suitably prepared film. 
These findings by R.J. von 
Gutfeld and H.L. Caswell sup- 
port predictions of such behav- 
ior made some months ago at 
the time of the original discovery 
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by Dr. von Gutfeld and E.E. 
Tynan. 

The significance of the new 
heightened sensitivity is con- 
siderable. Promise now exists 
for inexpensive arrays of versa- 
tile laser photodetectors respon- 
sive over an extremely broad 
range of laser pulse lengths 
(from nanoseconds to CW) and 
wavelengths (the entire visible 
spectrum). They also will oper- 
ate over a wide temperature 
range (about —160 to +400°C), 
thus overcoming the heat- 


degradation characteristic of 
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Store an image, making the 
LCLV’s use as a frame grabber 
possible. 


Greatest potential for com-. 


mercial use appears to be in the 
area of color TV projection. For 
really large-screen color TV, a 
projection system is required. 
Developers of the LCLV feel this 
component has an _ excellent 
chance of filling such a need, 
but much work is still required. 
That research is now in process. 

= 


silicon-based photodetectors. In 
fact, molybdenum films actually 
become more efficient at hotter 
ambients. 


Deposition angle critical 
The output voltage of the film 


is due to a temperature gradient. 


induced by incident laser light. A 
significant difference in temper- 
ature exists between the two 
sides of the film because heat is 
continuously conducted away 
from it by its supporting sub- 
Strate. This fact, which has been 
verified by computer simula- 
tions and analysis, has been 
known for some time. What was 
not explained until recently, 
however, was the reason for 
differences in responsivity of 
various film samples. Drs. von 
Gutfeld and Caswell discovered 
the answer while investigating 
conditions under which molyb- 
denum was evaporated onto 
substrates. 

Previously, evaporation had 
been at a near-zero deposition 
angle, with molybdenum atoms 
directed at substantially right 
angles to the substrate surface. 
However, by slanting the sub- 


| 


Tilting the substrate changes the surface. Molybdenum has been evaporated at right 
angles to the substrate, producing a rather featureless surface (left). By contrast, the 
columnar growth of surface (right), achieved by using slanted deposition (70° from 
the perpendicular to the substrate), enabled Drs. von Gutfeld and Casell of IBM 
Research to generate electrical voltages with lower incident power and with 
long-pulse and CW laser light. In each photo, a 1/2 micron latex sphere shows scale. 


Strate during the evaporation 
process, the researchers found 
deposition angle to be crucial. 
By using “slanted deposition” 
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testers 


(70° with respect to the perpen- 
dicular to the substrate), they 
increased responsivity from ap- 
proximately 20 mV for 1 kW 
incident laser power to about 
the same voltage for only 1W of 
incident power—hence the 
1000-fold increase in sensitivity. 

Precisely this sort of improve- 
ment has allowed von Gutfeld 
and Casell to more clearly detect 
CW and long-pulse aspects of 
the laser effect. These had been 


present, but greatly masked, in: 


earlier low-sensitivity films. 


Shown in the photographs are 
high-magnification electron- 
microscope views of molyb- 
denum films. Note that slanted 
deposition results in growth of 
columns of molybdenum in 
contrast to the rather featureless 
surface produced by right-angle 
deposition. Present data indi- 
cates that a columnar-growth 
surface is especially likely to 
interact with anumber of gasses, 
such as water and oxygen. Such 
interaction may account for the 
heightened sensitivity. This is 


particularly true if it helps to lock 
stress into the growing film in 
such microscopic structures as 
the boundaries which separate 
individual grains of metal. 
Work is continuing to obtaina 
more exact model for the 
thermoelectric phenomenon. 
Should practical devices result, 
applications might range from 
simple laser detectors, to the 
triggering of various processes 
through use of laser signals, to 
possible communication system 
implementations.— WP 


ESFI technology adds on-chip decoders and 
nearly bipolar speeds to MNOS memories 


Three different, fully decodable 
experimental MNOS memories 
using ESFI (Epitaxial Silicon Films 
on Insulators) technology have 
been manufactured in the 
Siemens Research Laboratories. 
These IC’s combine the ad- 
vantages of nonvolatile informa- 
tion storage with those of CMOS 
technology. In contrast to bulk 
silicon components, the process 
is able to accommodate both 
memory matrix and decoder on 
a single chip without requiring 
insulating wells. 

Short access times com- 
parable with those for bipolar 
memories are essentially achiev- 
ed by employing an insulator as 
substrate to reduce _ parasitic 
capacitances. The silicon film 
between the transistors of an 
MNOS memory can be etched 
away to prevent interaction 
between two neighboring mem- 
ory cells. It is also possible to 
provide a separate connection to 
the substrate of each memory 
transistor and to use it to enter 
and delete information. 


Three versions were built 
In the first of the variants, no 

external connections are pro- 

vided for memory transistors. 





Simultaneous data entry and deletion, just as in the case of core storage, are possible 


with this ESFI-MNOS memory incorporating substrate terminations connected in 
parallel. Manufactured in the Siemens Research Laboratory, the experimental IC is 
seen in incident light (left), and in transmitted light (right). 


Principle of operation cor- 
responds to that in bulk silicon 
MNOS memories. The decoder 
itself is manufactured using 
CMOS technology. 

The second variant’ in- 
corporates series-connected 
substrate terminations. This al- 
lows memory signals to be read 
in or deleted with voltage pulses 


of the same polarity. The 
decoder can be built using 
single-channel technology, 





which has the advantage of 
higher packing density but 
entails a slight reduction in 
switching speed. 


A 4k, 100 nsec RAM? 


In the third variant, substrate 
terminations are connected in 
parallel, making it possible to 
enter and receive data simul- 
taneously in the same manner 
as with core storage. This means 
that it is now feasible to build a 
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make 


it easy... 


on yourself... 


Not only can Motorola furnish 
you the industry’s broadest line 
of RF power types, we'll supply 
you the most comprehensive 
sma!l-signal/low-power device 
lineups for mobile radio and 
instrumentation designs. More 
than twice as many devices as 
any other. Low-cost to 
State-of-the-art. Up to 3 GHz. 
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your design... 


Motorola gives you more device 
data for it. Our newer data 
sheets are 4 or more pages. 
Loaded with Smith charts and 
polar plots...s,y,horz 
parameters ... min or max limits 
on f7,1, C., and Ccg specs. If 
that’s not enough for your 
design, we’ll measure it at your 
bias conditions ona computer- 
driven network analyzer. All at 
no extra cost. 


your customer... 


Choose from the widest variety 
of high-current, low-current, 
NPN, PNP, high and low-voltage 
high-frequency devices around. 
Design the precise degree of 
cost/performance effectiveness 
into your customer’s scientific, 
analytical, medical, test, UHF or 
VHF equipment. Fill those needs 
from Motorola distributor or 
factory stock now. It’s the least 
you can do for him. And yourself. 
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buy your RF 
small-signal the same 
place you buy your power 


FOR COMMUNICATIONS | | 
EQUIPMENT APPLICATION : RECOMMENDED RF TRANSISTOR 











VHF DG: tse eens adel oeeae ss oe PEGE ee Wi na uiv ped esn sens 2N4072, 2N4073, 2N4427 
saat ariver 2N4427 
. Receiver RF amplifier . MM8006 
ur I Ae Re nee nb ie eet eee Roneruer 1.0.8 Oc Fe cere ak WA eR Pe oe MM8006 
Multiplier 2N6305, 2N4427, 2N3948 
Driver 2N3948, 2N6256, MRF628 
Receiver i ple 2N5031, 2N4957 
. 900 MH WG? 9c 4 ok os Cee de eee sncc ies jabs hgh eee (NER ae OR FTP ee 2N5031, 2N4957 
4 = anya Multiplier 2N6304, MRF515 
Driver MRF816 
ME: ODCLAUIG 26 oy ais 25 649-98 ee 39 Oo ee Re OUIOUE. Mj jr Rae eer ee et os eee 2N4427 
DE DOTtaUlR. 4s Gin twee 2d Soe eas eee RE CULNUE oc Fc ch ra rs re as Eee os ed 2N3948, MRF628 
SEG: MAN COTABNG ous oor hh ee ew eee es RE OINDUE ccc ca hog oh eae eee ees Yeeees meee MRF816 
WHE: MOVES hb nee 2 cs cre HRS ees Se AE 53% og oe ee ps EEE AGT CORNERS 2N3866*, 2N3553 
RE SEY 5 oc 2 Sa AER ees Receiver RF amplifier} ee, 2N5031 
Srey Driver 2N3866*, MRF509 
Class: 0 citizen's band 2.0 ce Chis oes RE GWU os cobs GaSe Vee st Gea ee MRF8004 
Proposed Class E citizen’s hand .............. PIVEN i orc hkl vo ee ee os ER MRF207, MRF225, MRF227 
MEE ARORA oe ies oo eae fs Sa CS ee Fale wees OG lic Rae eek ns Oe A RL 2N3866*, 2N3553%*, 
MRF509 
ili Receiver RF amplifier 2N5031 
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SUNOWUOY 55.3 2s se San ee cA Lee RE OIE co ie hee haw fe See ae ae Hee 2N4427, 2N3553* 
OSORNO ii otit Soa Sty se nwawutwes ars Bat AtON © circ 2c Ss tho CEI awe Te RS MM8009, MRF5*5 
Oscillator M8006 
Paeine VOCCINING: soc vies Dis ee et eee es Re amnitier:. <6 SUsete S54 laeceg ov eeuss 2N5031 
Mixer MM8006 
FOR INSTRUMENTATION 
PNP | 2N4957-59, 2N5829 
Vertical amplifier = = =§- |§§ §© peewee ween cee nee NPN | 2N2857, 2N3839, 2N5031-32, 
OstillesCQ0OS. is bog eae a chines Seat MM8006-7 
aioli 2N2857*, 2N5179, 2N3866*, 2N5109, 
Gen’l purpose, low-level circuit} .............-. 2N5160, 2N5583, 2N6304-5 
: ea ee 2N3866*, 2N5943, 
Signal generators/Sweep generators ......... Oscillators, output amplifier circuits,}........... 2N5179, 2N6304, 
RF control circuit 2N5947, MRF511, MRF515 
Paice-atmplitiet =" Pic ieieceiecicenacees 2N5941-42, 2N3960*, 2N5835-37 
Pulse GOnGraters fo 663.c-h bescd oes ios acers es MM4049, 2N5583 
PNP/NPN complements: 
Pos/neg pulse amplifier |................-eeeee 2N5583/2N5943, 2N5031/2N4957 
2N3866*/2N5150 
High speed switching interface circuit]}.......... 2N5841-42, 2N:3835-37 
BOUNIOIG?” oct chegang host iaoe eerie veneers (LE. logic) 2N3960*, MM4049, 2N5583 
~_ : * Qualified to JAN/JANTX. 


___2N5943 @ high-current NPN ___2N3866 @ low-cost, high-current NPN ___2N5836 @ medium-current NPN MAKE IT EASY 
____2N6305 @ low-cost, medium-current NPN ___2N5835 @ low-current NPN ___2N5179 @ low-cost, low- WITH A FREE DEVICE 
current NPN __2N5583 @ high-current PNP __MM4049 @ low-current PNP ___2N5031 @ low-noise NPN 


___2N4957 @ low-noise PNP__SEND DESIGN GUIDE RF-1 Choose any 2 of the listed 


devices — just check ’em off and 
NAME TPE mail the coupon to us. Your 
Motorola distributor will follow up 








COMPANY ; jc 
with your units in a few days. 
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4 jak ee noe Sees Bee en STATE. ZIP 
RETURN TO: MOTOROLA SEMICONDUCTORS, 
BOX 20912, PHOENIX, AZ 85036 
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fast MNOS RAM. A 4096-bit 
memory of this type is expected 
to require an active chip area of 
around 16 mm? and to operate 
with an access time of 100 nsec. 
Upon entry or deletion of data, 


voltage pulses lasting about 1 
sec would be produced. 

The future for ESFI-MNOS 
memories looks very bright, 
since they could be applied to a 
wide variety of fields. In particu- 


lar, their low power require- 
ments favor their use in such 
applications as portable equip- 
ment, remote systems, small 
computers and emergency back- 
up equipment.—WP 


* Robert J. Kerber 
Eastlake, OH 44094 


Digital grandfather clock 
with tone generator 


Winners in 

EDN’s 3rd Annual 
Creative Design 
Contest 


Jack Regula 
Conshohocken, PA 19428 


FM receiver frequency 
synthesizer 


John E. Bjornholt 
Scottsdale, AZ 85257 


Micropower metal detector 


Roger Simister 
Redwood City, CA 94063 


Super sync adds stereo 
to home movies 


Robert S. Scott 
Wappingers Falls, NY 12590 


l. A. Glibbery 
Chula Vista, CA 92010 


Last issue (EDN July 20, 1974) Home/vacation data center 
featured the contest’s grand 
prize winner as well as three 
other winning designs. Here, for 
the record, is a complete list of 
the top eleven contest entries. 
These successful designers are 
to be congratulated, for their 
designs had to compete against 
many other fine entries. To all 
those who entered but did not 
win, EDN’s staff thanks you for 
your participation. We look 
forward to seeing your name - 
among the winners in 1975—RF 


Fast response miles/gallon 
indicator 


Richard H. Breinlinger 
Concord, MA 01742 


Jeff C. Campbell 
Houston, TX 77024 


Richard Ehlinger 
Southold, NJ 11971 


Automobile burglar alarm/ 
windshield wiper control 


Digital clock with BCD 
output 


Match-A-LED game 


Jack Frost 
Loveland, CO 80537 


Digital tachometer 


Joseph Tobin Keyless alarm lock 


Escondido, CA 92025 


* Grand Prize Winner 


Liquid bubbles could be the key to 
low-cost graphic displays 


Techniques for forming and 
moving liquid magnetic bubbles 
were conceived at IBM’s Thomas 
J. Watson Research Center by 
Lubomyr T. Romankiw and 
David A. Thompson, and imple- 
mented by Marco G. Slusarczuk, 
an MIT student who worked at 
IBM last summer. In a paper 
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presented May 17 at the 1974 
INTERMAG Conference in 
Toronto, they noted that be- 
cause the liquid bubbles are 
easily visible without any optical 
aids, they may be useful as the 
basic elements of a low-cost 
graphic display device. 

The process can be briefly 


described as follows: Sand- 
wiched between two glass 
plates, liquid magnetic bubbles 
(about the size of the period in 
this sentence) stream through a 
transparent fluid. As an external- 
ly applied magnetic field rotates, 
continually reversing the polari- 
ties at the tips of the “T” bars, 
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Faster 
digital 
systems 
checkout 
with 
Kurz-Kasch 
Logic Probes 














Kurz-Kasch’s patented 
logic probes identify 
(1) logic low (TTL .OV to 
0.8VDC) white light 
2) logic high (2.4 to Vc) red light 
3) deadbands (0.8V to 2.4V) no light 
4) pulses (any excursion) blue light 
5) open circuits — no light 
Logic probes are also available 
for MOS, HTL, RTL and discrete 
logic. Prices from $6995 to $9995. 
Send for free literature. For a 30 
day free trial probe or special in- 
formation, telephone Tom Barth, 
General Manager, Kurz-Kasch 
Electronics, 2876 Culver Ave., 
Dayton, Ohio 45429, Telephone: 
(513) 296-0330 


( 
( 
( 
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Kurz-‘Kasch., Inc. 
ELECTRONICS DIVISION 
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the bubbles are pulled along the 
tops of the bars. 

Bubbles are formed when a 
mass of magnetic liquid—a 
colloidal suspension of micro- 
scopically-small magnetic par- 
ticles—is broken up into spheri- 
cal droplets by a constant 
magnetic field. Such field is 
applied perpendicular to the 
plane of bubble motion. 


A bubble domain analog 
The “T’’-bar circuit pattern is a 

20-times-size replica of a circuit 

previously designed to direct the 





tops of the bars as an externally applied 
magnetic field rotates. Techniques for 
forming and moving the easily visible 
bubbles were conceived and_ imple- 
mented at IBM. 


motion of so-called ‘‘bubble 
domains’’ in solid magnetic 
materials. Experiments have 
shown that liquid bubble be- 
havior in this circuit is, in several 
ways, a large-scale analog of 
bubble domain behavior. Bub- 
ble domains are actually tiny 
cylinders, magnetized in a direc- 
tion opposite to that of the 
surrounding material. They are 
currently of considerable inter- 
est in computer research be- 


cause of their potential applica- 


tion in high-density data storage 
and switching devices.—WP 





ACTUAL SIZE 





a % i oe 


9402 9410 PC 9401 


THIN-TRIM capacitors are a new 
development in miniaturized vari- 
able capacitors for application in 
circuits where size and performance 
is critical. The Thin-Trim concept 
provides a variable device to hybrid 
circuit designers which replaces 
fixed tuning techniques and cut and 
try methods of adjustment. 


FEATURES 


e Low profile for 
HYBRID CIRCUIT applications. 


¢ High capacity values for 
BROADBAND applications. 


¢ High QO - low capacity values for 
MICROWAVE applications. 


U.S. Patent 3,701,932 
Circle No. 25: 





MANUFACTURING CORPORATION 


ROCKAWAY VALLEY ROAD 
BOONTON, N.J. 07005 
PHONE (201) 334-2676 

TWX 710-987-8367 
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Over a billion operations from 51 poles. 


Our Class W wire-spring relay is different. In fact, _ 


there’s nothing like it in the entire industry. 
Where else can you find a relay with 51 poles for 
transferring circuits and a mechanical life of more 
than a billion operations! That’s about two and a 
half times the life of the best conventional relay 
around. : 


Another nice thing about our Class W is that it - 


takes up a lot less space and costs less than using 
a bunch of other relays. That’s because we build 
our Class W relay with one, two or three levels 
of contact assemblies, with 17 form C combina- 
tions per level. By the way, they’re available with 
gold contacts for low-level switching. 


Making it tough on creepage. 


All those staggered steps you see on the side were 
put in to raise the breakdown voltage between 
terminals. These molded steps add extra creepage 
distance between the terminals. This really counts 
for high voltage testing, or when using our Class W 
in unfavorable ambient conditions. 

These steps, and all the molding 
compound used for insulating 
the contact springs, are 
made from 

















diallyl phthalate. (They call it DAP for short.) 
It has great insulating properties and it wears like 
iron. Even if the humidity is high, you have 
excellent protection. 


Redundancy—two springs are better than one. 


Each of our long wire-spring contacts has an 
independent twin with the same function. One 
tiny particle of dust could prevent contact on 
other relays. Not with our Class W. You can be 
sure one of the twins will function. That’s back-up 
reliability. 

The twin contacts are twisted together at the 
terminal end. Then we give them a spanking (you 
might call it swedging) to provide solderless wrap. 


- independence. 




















We’re for 


Our springs are long 
because the longer the 
spring, the more indenenasaem 
they get. And the better contact” 
they make. Don’t forget, the wir 
spring relay is the most reliable way to get | 
sive make or break contact. You can rely c 

The middle contact springs have to be sta- 
tionary. To make sure they stay that way forever, 


'we actually mold them between two thick pieces 


of DAP on both ends. Just try to move one. 


When we say flat, it’s flat. 


Each frame, banged out by a gigantic machine 
is extra thick and extra flat. Then they’re planished. 
Planishing is another step we go through in form- 
ing the frame to add strength and stability by 
relieving surface strain. 

We’ve made our spring-loaded pile-up clamp 


- * extra thick, too. Once it’s tightened down, the 
_whole pile-up is nice and tight, and stays tight. 


here’s more. 


We could tell you a lot more about our Class W 
relays. Like how the tough high-temp molded 







cover protects against dust and has 
molded ribs to keep the spring con- 
tacts in place. Or how this relay 
with 51 circuit transfers is so sen- 
sitive it requires only four to six 
watts of operating power. 


But why don’t you let us prove how much relia- 
bility we put into our Class W? We’ll be waiting to 
hear from you. Government Industrial Sales Divi- 
sion, GTE Automatic Electric, Northlake, Illinois 
60164. 
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Hybrid circuits: born in space, 
growing up on earth 


Hybrid circuit technology is no longer limited to space electronics. 
Hybrids offer a viable solution to today’s commercial design problems. 


Carl Kramer, Robin Heller and Hollis Hardy, Hybrid Systems Corp. 


Until very recently, hybrid circuits were confined, 
almost exclusively, to aerospace, military and 
outer space applications. The design constraints 
common to these fields forced hybrid develop- 
ment along a straight and narrow path. More and 
more components squeezed into smaller and 
smaller packages. Save space; save power; go for 
broke in reliability; these were the slogans heard 
by hybrid designers. 

This ‘‘money is no object” design philosophy 
adversely labelled the hybrid and prevented its 
expansion into other fields. Too expensive—only 
suited for exotic applications—not right for com- 
mercial electronics: these justly deserved labels 
served to keep the hybrid in space. 


Today, the hybrid still offers the only viable 


solution for many space applications, both mili- 
tary and commercial. But if you haven’t looked at 


AID CONVERTER §f 
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Fig. 1—The hybrid’s size advantage is obvious. While not 
identical, both circuits have the same degree of complexity. 
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hybrids for awhile, you’d better look again. 
Hybrids have gone commercial, and have done it 
in a big way. And if your application is properly 
chosen, you can do more than save space. 
Hybrids will give you better circuit performance 
than discretes, and can save you money in the 
bargain. 


Hybrids come down from space 


In the early days, most companies in the hybrid 
business were a division of an aerospace or 
military company. Any outside business solicited 
was strictly on a fill-in basis. Because familiarity 
breeds success, the business solicited was aero- 
Space in nature, where the’‘money is no object’ 
slogan prevailed. 

Automotive, industrial and medical electronics 
have brought the dollar factor back into hybrids, 
and new blood with it. Commercial and industrial 
companies serving these markets have branched 
into hybrids and reoriented the hybrid business 
to lower their costs. Why is it possible, all of a 
sudden, to reduce costs? There’s no black magic 
involved. 

Technological advances have made their con- 
tribution. New process equipment has made 
hybrids less expensive to build. The advent of 
epoxy die-mounting makes limited in-process 
repair more convenient. The improved yields that 
result thus lower costs. 

Initially, semiconductor houses considered hy- 
brids a threat and performed only minimal 
screening of active chips. As the availability of 
fully screened chips increased, hybrid houses no 
longer had to assume the entire costs of chip 
yield. This by itself produced significant price 
drops. 
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The connector 
that destroyed the myths. 





Our new edgeboard connector isn’t built the way old 
edgeboard connectors were built. It’s built better. Better 
because it conforms to the kind of use connectors really get. 
Not the kind set down in military specs. Specs you don’t 
need. But pay for. 


TI’s new edgeboard connector is based on a whole new 
materials system. Materials that make sense in the 
cost-conscious commercial world. Which brings us to the 
first myth. 


Myth Number One: To get a good contact, it must be 
plated with gold. 


We don’t think so. For one thing, plating is porous, thus 
vulnerable to abrasion. And intermittencies. Plating is also 
wasteful. You only need gold at the exact spot of contact. 
Welded gold dots help. But they’re damage prone. 


Our gold contact, on the other hand, has a metallurgically 
bonded stripe of non-porous gold, just at the point you 
need it. No waste. And since it’s metallurgically inlaid into 
the contact, it won't come loose. So forget intermittencies. 


Myth Number Two: The spring material must be 
phosphor bronze. 


Not really. We chose Copper Alloy 725 (9% nickel, 2% tin, 
89% copper). It has the spring and conductivity of phosphor 
bronze. But, surprisingly, superior corrosion resistance. 

And better solderability. 


Myth Number Three: The connector body should have a 
maximum operating temperature of 200°C. 


Some like it hot. But we chose a 30% glass filled nylon 


material for our body. True, a diallyl phthalate body has 
somewhat better absorption characteristics than ours at 
higher temperatures. But we felt a mean operating 
temperature of 125°C was more than adequate for 
non-military use. And since glass performs equally with 
dially! phthalate in terms of insulation, flame and corrosion 
resistance, we chose it. And one other reason. It costs way 
less than diallyl phthalate. 


Finally, Myth Number Four: Connectors should be 
custom designed. 


Most people don’t need a custom edgeboard connector. Orem 
every conceivable variation. So we've kept our line simple. 

A choice of 6 to 50 pin positions, .100’’ or .125”’ centers, 
wire wrapped or solder tail pin construction and .150” centers 
available in 4 pin positions. That’s it. If you’re a volume 

user, it’s all you'll probably ever need. If you find you 

really need a custom connector, we'll give you one, of 

course. But check our standard sizes first. We'll always have 
them handy. And you'll save some money. 


TI's new edgeboard connector, the myth destroyer. It’s a 
whole new way of looking at connectors. Look for yourself. 


Write: Texas Instruments Incorporated, 
i 


Electronic Interconnection Products, 
TEXAS INSTRUMENTS 


Mail Station 11-1 
Attleboro, Massachusetts 02903. 
INCORPORATED 








Fig. 2—Tri-planetary deposition equipment provides the 
vacuum for thin-film evaporation process. 


Probably the biggest cost-reducing factor is the 
market itself. Hybrid is essentially a packaging 
technology. It is also a volume technology. As 
markets for high-volume, less complex circuits 
appear, costs come down. It also has the effect of 
creating a broader standard product base. One 
only has to look at the early development cycle of 
linear IC’s. With a limited standard product base, 
linear lagged behind digital, where high volumes 
of gates and flip-flops could be cranked out. So it 
was with hybrids. Amplifiers, oscillators, filters 
and data converters have now become standard 
products and down come the prices. 

We should say a word here about the standard 
vs. custom delineation. In hybrids, custom does 
not necessarily mean small-lot, special circuits. 
For any designer who doesn’t have the in-house 
facilities, any hybrid is a custom (unless it’s on a 
shelf somewhere). So don’t dismiss hybrids solely 
because your design is not part of a vendor’s 
standard product base. Take a good hard look at 
the advantages hybrids have to offer before you 
dismiss them. 


Good things come in small packages 


The most obvious advantages of the hybrid is its 
significant size reduction, when compared to a 
discrete (Fig. 1). Let’s look at some of the basic 
elements that lead to this saving. 





Consider the active components first. By 
mounting all IC’s, transistors and diodes in chip 
form, thereby eliminating all TO cans and DIP 
packages, a substantial saving is realized. From 
the cost standpoint there are limitations to the 
chip concept. As the number of chips increases, 
the likelihood of a chip going bad during 
fabrication of the hybrid increases. Although 
epoxy mounting of these die allows for some 
repair, it is a cost-increasing procedure. As the 
number of chips increases, the wire interconnec- 
tions become complex. Space needed for each 
chip increases exponentially to assure that there 
is sufficient room for interconnections. Hybrids 
with more than 10 active chips could negate the 
hybrid’s size and cost advantages. 

Resistors are the area where hybrids achieve 
the most significant saving, in both space and 
cost. Hybrids and resistors go hand-in-hand; and 
the more resistors, the greater the savings. When 
initial resistor tolerance is not critical, thick-film 
techniques can be used to deposit the resistors 
directly on the substrate. Thick-film processes are 
inexpensive and can be used to put large 
numbers of resistors into a fraction of the space 
required in discrete designs. 

Thin-film technology consists of evaporating in 
a vacuum (Fig. 2) a film of resistive material 
(usually nickel chromium) on a substrate. By 
etching a pattern on the film, a resistor (or 
resistor array) is created. Initial resistor tolerance 
is much tighter with thin-film techniques. Laser 
trimming allows accuracies of 0.01%, with track- 
ing tempco to 1 or 2 ppm/°C, to be realized. 

Thin-film deposition is particularly well suited 
for resistor arrays. Resistor conformity and tem- 
perature tracking are excellent, since each resis- 





Fig. 3—When it comes to temperature, it’s easy to see the 
thermal-layout problems in discrete technology. 
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tor on a chip is virtually identical to each other. 
Moreover, the cost of a resistor array is not 
significantly greater than the cost of a single 
resistor. Up to 20 precision resistors can be 


deposited on a single chip. Thus, when many 


precision resistors are in a circuit, the hybrid 


may be less expensive and smaller than discretes, 


with improved accuracy and performance. 


DEVICE LIMIT 


LEGEND 

1 PLASTIC DIP 
2 HERMETIC DIP 
3 FLAT PACK 


DEVICE LIMIT 


LEGEND 

1 PLASTIC DIP 
2 HERMETIC DIP 
3 FLAT PACK 
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Fig. 4—Package thermal ratings, shown in (a), can be greatly 
improved through use of winged heat sink (b). 
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Fig. 5—Temperature distribution on operating resistor is 


graphically displayed through use of liquid crystals. 


It’s not that simple a choice 

Not every design can be economically fabri- 
cated as a hybrid, or any other technology for that 
matter. Certain types of circuits are made to order 


for hybrids. Precision circuits, for example, are 


naturals. Combining the natural accuracy and size 
advantage of thin-film resistors with monolithic 
quad current-switches, the D/A converter is a 
prime example of a hybrid saving (Fig. 3). The 
stability (1 ppm/°C vs. 30 ppm/°C for a discrete) 
and size (1.0X0.3x0.2-in. vs. 2x2x0.4-in. for a 
discrete) of this converter simply could not be 
achieved in any other way. The most significant 
point is that the costs are comparable. 

Why are hybrids more accurate? Functional 
trimming is why. With the circuit fully powered, 
resistors are trimmed to produce the output 
response dictated by input conditions, rather 
than to a specific resistor value. In monolithic ane 
discrete, what you “build’’ is what you get; 
hybrids, what you “want” is what you get. But ts S 
not all gravy. Design philosophy must change 
to be compatible with functional trimming. 

Your design must no longer have components 


tightly specified, instead you are going to func-_ 


tionally trim for your desired output. However, 
your circuit must be able to function in the 
pretrimmed condition or the ball game’s over. 
With the close initial tolerance of thin films, this is 
not a major problem. With thick films, the 
resistor’s initial value could be such as to put you 
out of business. 

Also your design must be such that specie 
components can be trimmed to produce predict- 
able output excursions. Circuits with large capaci- 
tor values do not lend themselves to practical 
hybridization. (It’s not that they can’t be made; 
they just will use up too much real estate.) What 
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are we leading up to? Early contact with your 
vendor. 

A direct one-for-one translation of your dis- 
crete design into hybrid will, in many cases, not 
be cost effective. Good hybrid houses are staffed 
with circuit designers as well as process and 
packaging engineers. The circuit people may be 
able to simplify your design and make it practical 
for hybridizing. Make sure you have tested your 
design to the degree where you can point out 
critical components that may require selection or 
special testing. It will be cheaper to find this out 
early; not after a long run of production circuits. 

Now that we’ve discussed various aspects of 
hybrid circuits in a general manner, let’s look 
more closely at one rarely discussed area—the 
effects of power dissipation on reliability and 
stability of thin-film resistors. 





Fig. 6—Dissipation vs. temperature for ceramic and Kovar- 
bottomed, 14-pin 1/4x3/8-in. flat packs. Same resistor net- 
work is in each package. 


High-temp. performance of thin-films 

The maximum power-dissipating capacity of 
thin-film nichrome resistors has been an often 
asked question since the advent of nichrome 
resistor networks. With the ever increasing utili- 
zation of thin-film networks, a thorough knowl- 
edge of the resistors’ capabilities must be .ob- 
tained in order to gain a complete understanding 
of their ultimate reliability. 

A power-dissipation figure formerly used for 
thin-film resistors was 15W/in.”. However, this 
estimate falls far below recent experimental 
results, which show that power dissipation varies 
from one fabrication technique to another. This 
occurs because film structure varies as a function 
of the deposition method. } 

Deposition methods range from sputtering by 
either RF glow-discharge, dc diode or dc triode, 
to chemical deposition, RF-heated vacuum evap- 
orationand electron-beam evaporation. 

Data presented in this article was obtained 





Fig. 7—Dissipation VS. temperature on chip using resistor area 
of 1.97x104 in.2 and chip area of 910% in.?; chip size, 
package size and composition, and resistor value held 
constant. 


using resistor samples of 65% | Cr- 35% Ni com- 

position. The samples were produced via the 

RF-heated vacuum evaporation process. While 

the possibility exists that this data may only apply 

to films fabricated by this process, there are other 

variables which determine the maximum power 

any chip will dissipate. Among them are: 

« Package size and composition | 

« Chip size vs. resistor density on the chip 

¢ Resistor value 

¢ Maximum temperature the chip’s ‘surface will 
withstand before intermetallic corrosion at- 
tacks the gold wire-bond/aluminum contact- 
pad interface. Above 180°C, “purple plague,” 
for example, may begin forming at the goid-- 
aluminum interface. This problem may be 
circumvented by use of aluminum ultrasonic 
bonding. 

To eliminate several of the previously men- 
tioned variables, the following conditions were 
imposed during tests. Package size was main- 
tained constant, as studies on their dissipation 
abilities have already been performed. (Ref. 1 
provides data which correlates a unit’s ability to. 
dissipate power to the package form used.) For 
the purposes of this article, 14-pin 1/4x3/8 Kovar 
and ceramic-bottomed flat packs were utilized. 
Comparisons of flat packs to plastic DIP and 
hermetic DIP, with and without attached winged 
heat sinks, are shown in Fig. 4. The graphs 
provide a sound basis from which one can 
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extrapolate data for resistor chips mounted in 
these packages. 

In order to avoid operation above 180°C, 
temperature is used as a constant, with voltage 
and current values recorded at each temperature. 
Various methods exist to study power dissipation 
when temperature is held constant. Since the 
final choice will require some tradeoffs, a discus- 
sion of the advantages and disadvantages of each 
method is in order. 


The choice may be crystal clear 


Several methods are available for measuring 
the surface temperature on resistor films: in- 
frared radiometers, indicating paints and phos- 
phors, and cholestric liquid crystals. Infrared 
radiometers are popular because no surface 
contact is required, and small temperature gradi- 
ents across a surface can be observed. The 
sensitivity of radiometers permits tracking of 
rapid changes in surface temperature of the unit. 
Their major shortcoming is that the equipment is 
large and expensive. Most infrared measure- 
ments are performed by monitoring a single 
point. Scanning systems can be devised but they 
are often difficult to use and are extremely 
expensive. So unless a great investment in both 
time and energy is warranted, this method is a 
poor choice. | 

Temperature ‘paints are irreversible in the 
temperature range. This creates a problem when 
zeroing in on a specific temperature. In addition, 
paints and phosphors lack proper definition to 
respond to small, rapid temperature variations. 

Liquid crystals, on the other hand, area group 


1500 


500Q (2.312 X 107 7in?) 
10002 (1.1655 X 1073 in2) 


RESISTOR AREA 





Fig. 8—Dissipation vs. temperature as resistor value and area 
are varied. Chip size, package size and composition are held 
constant. 
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RESISTOR AREA 


7—5002 RESISTORS (1.62 X 1072in?) 
12— 10002 RESISTORS (1.40 X 107?in?) 


7 RESISTORS 
IN PARALLEL 
(5002 EACH) 
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P 
(Win? ) 12 RESISTORS 
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(10002. EACH) 
50 


0 50 100 150 200 
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Fig. 9—Dissipation vs. temperature for varied number of 
resistors run in parallel. Chip area, package size and 
composition are constant. 
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CHIP AREA (MILLINCHES?) 


Fig. 10—Dissipation vs. chip area; temperature, package size 
and composition held constant. 


of cholesterol esters which, in liquid state, exhibit 
optical properties typically associated with solids. 
The bulk material is inexpensive, about $25 for 50 
cm’. (One cubic centimeter of solution covers 
1000 cm *.) Liquid crystals are reversible over each 
temperature range (operating ranges cover —20 
to +350°C), and are only 10 to 25 microns thick. 
This low thermal mass allows for rapid thermal 
tracking. 

Also, liquid crystals provide a graphic display of 
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temperature gradients across a thin-film resistor 
network as well as diffusion of heat into the 
package. If a dark background is provided, the 
reflected light can be observed visually as the 
temperature changes on the unit’s surface (Fig. 
5). For ease of application and precision of 
temperature measurement over large areas, this 
method is the best. 


Measurement variables must be reduced 


In order to determine the optimum design 
power rating, various questions must be ex- 
plored. The primary question under investigation 
is the maximum power a chip can tolerate and still 
be capable of functioning as intended. The scope 
of the preceeding problem, being too broad fora 
general answer, can be broken down into reason- 
able segments. The primary task is to ascertain 
how power dissipation varies as a function of 
package composition, chip area and resistor 
density on a chip. Once these characteristics are 
determined, other questions need answers. For 
example: Is the power per unit resistor area or 
per chip area? How does power dissipation vary 
across the chip? 

Experimentally, the temperature on the chip’s 
surface was measured using liquid crystals. At 
predetermined temperatures (75°C, 135°C, 
170°C), the crystals’ layer orientations rotate to 
produce a spectrum of colors. Voltage and 
Current are measured for each unit at each 
temperature. The area of each chip is known, so 
power/unit area can be found. (Note: the liquid 
crystals should be calibrated for each tempera- 
ture solution. Once calibrated, a specific solution 
will remain constant in temperature.) 





Fig. 11—Dissipation vs. resistor area; temperature, package 
size and composition held constant. 


ss 


Fig. 12—Dissipation vs. resistor location across chip; tempera- 
ture held constant. 


The evidence is conclusive 


This study proves that power dissipation is 
really per unit chip rather than per unit resistor. 
This is most dramatically characterized in Fig. 7. 
The resistor is so small in area that the tempera- 
ture gradient on it can barely be seen. 

Using the other graphs (Figs. 6 to 12), it is 
possible to determine the power-dissipating ca- 
pacity of a chip by: relative chip size to package 
size, substrate on which chip is mounted, resistor 
value and resistor area. The following two rela- 
tionships can be formulated from the graphs: 


Power rating for one 
resistor powered alone 
Number of resistors 
connected in parallel 


Power rating (W/in.’) 
of resistors powered p= 
in parallel 


And, 


Power rating R(small) 


Area R(large) 
Power rating R(large) 


Area R(small) 


Both relationships are logical and easily| de- 
rived. The important fact is that experimental data 
agrees with basic truisms. 0 
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Dollar for 
dollar 
feature for 
feature, 
Grant's" 
3300 slide 


is today’s 


new 
standard. 





3300 


One impressive product—the 
Grant 3300—stands alone 
as today’s most important 
series, for hundreds of 
applications in every type 
of operating condition. 
construction—the 3300 is a 
ball bearing action series, 
made of heavy gauge steel, 
zinc plated with a clear 
chromate finish. 


capacity—the 3300 will 
easily support up to 250 Ibs. 
mounting space—only 34”. 
cost—remarkably little, con- 
sidering its superior sliding 
action, durable performance 
and unique characteristics. 


Shouldn’t you look into the 
3300 now, when every dollar 
counts so much and when it 
is essential to get the best 
possible buys? 

Complete data is available 
on request. 
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_ Choose the plastic 2N5060 Series, or IP100 Series 
now available to 300V. Or the hermetically-sealed 

_ 1D100 Series now available to 400V. Both with typical 

_ dv/dt capability of 75V/yusec. 

_ _Unitrode also offers many other low-level SCR’s. 

_ The widest choice in the industry. The right SCR for 

_ your specific environmental requirements, at the right 

price. All part of a growing family of Unitrode plastic 

or hermetic SCR’s designed for a wide range of 

‘sensing and control applications. 

Place an order. We'll deliver 10,000 of any of the 

_ SCR’s listed — in three weeks or sooner. 


_ Write for our latest data sheets. Or for faster action, 
Call Vin Savoie at (617) 926-0404. 












Maximum = Gate Gate 
Type Blocking Current, Trigger Trigger Holding 
: Voltage RMS Current Voltage Current 
let Yor ax 
--FO-92 | TO-92| TO-18 
- 2N5060| IP100 | ID100 ~—.30v 
— 2N5061 | IP101 | 1ID101 60V 
—— 2N506211P102 }1D102 —100V ~ 
-2N5063|1P103|1D103. | «150v 7 o8A 200A = 0.8BV_— Maximum 
om 2N5054 1IP104 | 1D104 200V Maximum Maximum ath =1K 
| IP105 ]1D105s00v 
: 1ID106 400V 





See Electronics Buyers’ Guide Semiconductors Section for more complete product listing. 
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' Dead batteries! Everyone hates ’em. And most 
battery powered equipment—cameras, tape recorders, 
calculators—don’t warn you until it’s too late. 

Now Litronix—the world’s largest manu- 
facturer of LEDs—introduces the RLC-400 Battery 
Status Indicator. It’s a red GaAsP warning light and 
voltage-sensing IC combined in one little T-1 lamp 
package. The light is on at 3V, off at 2V. 

One of the nation’s most prominent camera 
manufacturers uses it. Any battery-powered device 
that uses it may acquire an important competitive 
advantage at low cost. 

The Litronix Battery Status Indicator will 

cost you only 60¢ in quantities of 1000. And you 

keep production costs down because you don’t 

have to test, assemble and inventory several 
components. 

If you need a warning light that goes on 
and off at different voltages, get in touch with us. We 
may be able to help you. 

You can get a free sample of the Battery Status 
Indicator by writing us on your company letterhead. Or 
if you want more information quick, contact Litronix, 
19000 Homestead Road, Cupertino, California 95014. 
Phone 408-257-7910. TWX 910-338-0022. 
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MIicGILL RELIABILITY COMES IN ALL SIZES 


From the smallest precision snap-action switches made, through the most complete switch 
line available, you can depend on McGill quality and reliability. We offer a wide variety of 
sub-miniature and standard size snap-action, rocker, toggle and push-button switches. If our 
standard models don't fit your exact style, operational or assembly needs, we'll modify or 
design to your specifications. You'll find our switches on more and more consumer, 
cammercial and industrial products every day simply because they met design 
performance requirements. For details, request McGill 
Catalog 89. McGill Manufacturing Company, Inc., 
Electrical Division, Valparaiso, Indiana 46383. 












..-also in many styles and colors 


C ) 8 
ENGINEERED SWITCHES 


Available from recognized McGill Master Switch Distributors 
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How to get the most out of 
high-power rectifiers and SCR’s 


Are your power-semiconductor designs sub-optimized? 
They won't be if you consider all the factors detailed here. 


Woody Savage, Westinghouse Electric Corp. 


Can a product produce too many benefits? 
Perhaps this is the case with modern high-power 
rectifiers and SCR’s. They can now be found in 
almost every application imaginable. Most de- 
signers converted their systems and circuits to 
solid state because these devices offered many 
advantages, including lower initial costs, lower 
maintenance costs, longer service life, higher 
efficiency and increased reliability. The trouble is 
that these combined savings were often so great 
that little consideration was given to optimizing 
rectifier or SCR performance. 

In this regard, another factor was at work as 
well. Historically, power semiconductor prices 
have declined with time. Therefore, designers 
typically have overspecified devices, depending 
upon price declines to help them achieve cost- 





Fig. 1—Double heat flow path of disc-type rectifier or SCR is 
more efficient than single flow path for conventional stud- 
mount device. 
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reduction objectives. Unfortunately, due to the 
basic nature of power rectifiers and SCR’s, the 
pattern of continual price reductions is bottoming 
out. Further device price decreases resulting from 
new technological developments and/or in- 
creased sales volume can be expected to be more 
than offset by higher costs of raw materials 
(including silicon, moly and copper), and by 
higher labor costs. Moreover, such rising costs 
aren’t limited to component manufacturers. 
Equipment makers also face cost spirals. 

Combine these factors with the increasing need 
for energy conservation and you can easily see 
why power rectifier and SCR circuits are under 
close scrutiny. Are they optimally efficient? Can 
they be improved? Do they take advantage of the 
new package designs and better assembly techni- 
ques now available? True, state-of-the-art com- 
ponents offer substantial increases in current 
output, efficiency and reliability, as well as 
somewhat lower overall costs. Nevertheless, the 
pressure is on to use them effectively. 


Treat both as a single unit 


Before we can help you get the most perform- 

ance out of your power semiconductors, you 
must at least have made several basic decisions. 
You must have determined the type of devices 
needed (rectifiers and/or SCR’s), ascertained the 
optimum circuit configuration and calculated the 
required current and voltage ratings. 
_ With this knowledge as a base, we can proceed 
to select the best semiconductor for the job. The 
key to this process is to treat the semiconductor 
and heat exchanger as a single unit, then follow 
these three steps: 

(1) make a package selection; 

(2) choose the type of cooling or heat ex- 

changer; 

(3) make a “‘build or buy” decision. 


Package: stud-mount or disc? 


The first step is to select the best semicon- 
ductor package for the job. We want the one that 
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STUD MOUNT 
R600 
160—300 
AMPS 


STUD MOUNT 
R700 
300—550 

AMPS 


STUD MOUNT 


_ NOT 
PRACTICAL 


POW-—R-—DISC 
R620 
300-500 
AMPS 


POW-—R—DISC 
R720 
500— 1000 
AMPS 


POW-—R-—DISC 
R920 
1100—2000 
AMPS 


STUD MOUNT 
T600 
125-175 
AMPS 


STUD MOUNT 


T700 
250-350 
AMPS 


STUD MOUNT 


NOT 
PRACTICAL 


POW—R-—DISC 
T620 
125-300 
AMPS 


POW—R-—DISC 
T920 
600— 1000 
AMPS 


Fig. 2—Higher output current ratings are obtained from disc 
equivalent element size. | 


will provide the most output current and/or the 
greatest safety factor (for high reliability applica- 
tions) at the least cost. 

Stud-mount devices were the first types sold. 
They were easy to mount and could be installed 
by almost any manufacturer. This package design 
was suitable for many years, since the current 
rating/device never exceeded 200 to 300A. Later, 
as the demand for higher current devices 
evolved, the disc package design was developed. 
(Trade names for disc-type power semicon- 
ductors include ‘‘Pow-R-Disc,” ‘Hockey Puck’ 
and ‘Press Pak.’’) | 

Unlike the stud-mount device, where all of the 
heat is dissipated through the stud base of the 
package to a single heat sink, the disc-packaged 
device dissipates heat through both upper and 
lower pole faces to two separate heat sinks (Fig.1). 
‘Thus, a disc rectifier or SCR with double-sided 
cooling offers higher output current ratings than 
conventional stud-mount rectifiers or SCR’s of 
equivalent element sizes (Fig. 2). In fact, not only 
does a disc unit offer up to 80% more current 





rectifiers and SCR’s when compared to stud-mount devices of an 


rating, but it generally costs less too, so it’s a 
better buy. } 


Limiting factor is heat exchanger 


A semiconductor can be no better than its heat 
exchanger! This statement is especially true when 
comparing larger device types. Optimum per- 
formance and lowest assembly cost is achieved 
when the system is designed for the most 
effective cooling method. As such, we will discuss 
in detail air vs. water cooling. 


Air cooling 
The ability of a heat sink to transfer heat to the 
surrounding ambient air depends upon several 


‘parameters, including material, surface area, 


volume, natural convection or forced air, fin 
spacing, finish and type of enclosure. The goal is 
to optimize all of these parameters in choosing 
the appropriate sink. 

Copper heat sinks have long: been recognized 
as being the most efficient in terms of heat 
transfer/unit volume, while aluminum heat sinks 


37 





offer the best performance/unit cost. One might 
conclude from this that a copper heat sink must 
be used if an optimum heat transfer rating is 
required. This is not necessarily the case. Much 
development work has been done in recent years 
in optimizing the fin pattern design for aluminum 
extrusion. 

Fig. 3 shows two popular aluminum extrusion 
designs. A comparison was made between this 
type of heat sink and a copper fin design where 
both heat exchangers were designed specifically 
for use with the same disc semiconductor. The 
result? The aluminum heat sink steady-state ther- 
mal impedance sink-to-ambient was 20% better 
(based on 1500 LFM); the weight, 38% less; and 
the cost, about half as much as the copper design. 
On the minus side, volume was 40% more. So, if 
a little extra space is available, an aluminum 
heat sink may be a better buy. 

For higher output current at less cost, forced 
convection is the answer. A disc rectifier as- 
sembly at 1000 or 1500 LFM can handle more than 
twice its natural convection current rating. Like- 
wise, a disc SCR assembly at 1000 or 1500 LFM can 
handle more than 2.5 times its natural convection 
current rating. Why buy more semiconductors 
than are really needed to do the job? A few fans 
and some baffling may allow for a substantial 
savings in system design costs. Use forced air in 


lieu of natural convection air when possible. 


Water cooling 


Water cooling is the most efficient type of 
cooling in general use today. While it may not be 





Fig. 3—Aluminum extrusion heat sinks such as these beat 
copper fin designs in several areas. Thermal ratings are often 
comparable and they offer lower weight and about 50% less 
cost. On the other hand, the copper design can be 40% 
smaller in volume. For best efficiency with either type, forced- 
air cooling should be used. 


a practical solution to every designer’s problems, 
more and more systems are being converted to 
water each year. Inherent advantages in size, 
weight and cost simply cannot be overlooked. 
Some manufacturers even quote jobs to their 
customers both ways—air and water—just to 
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show the relative merits of water cooling. It keeps 
system costs down. 

In order to optimize the water-cooled heat- 
sink’s thermal efficiency, nearly-pure copper heat 
exchangers should be used. Copper alloys, 
bronze, aluminum, etc., generally have much 
lower thermal conductivities. Therefore, unlike 
most air-cooled heat sinks, copper water-cooled 
heat sinks do offer more output current per dollar 
than other types. 

Typical examples of water-cooled copper heat 
sinks are shown in Fig. 4. When deliberating such 
devices, consider the following: One-piece con- 
struction guarantees against leaks. If the power 
tab is. also a 1-piece casting, it becomes an 
integral part of the water jacket for high-power 
connections. Finally, R-C tabs are also sometimes 
offered as options on water jackets. This permits 
resistor and/or capacitor networks to be easily 
connected directly across each semiconductor. 


Water and air: how do they compare? 


Figs. 5 and 6 summarize the relative merits of 
water vs. air cooling. Fig. 5 compares output 
current ratings for a 3-phase rectifier bridge with 
air cooling and water cooling for six different disc 
rectifier types. Likewise, Fig. 6 compares the 
output current ratings for a 3-phase full-control 
bridge with air and water cooling for seven 
different disc SCR’s. In each case, the water 
ratings are significantly better than air. In addi- 
tion, consider that a water-cooled assembly and 
an air-cooled assembly utilizing the same disc 
device cost about the same. This means water 
cooling offers more output current/dollar. 

To be specific, using a 1000A, Model T920 SCR, 
the water-cooled assembly (25°C water) will 
handle over four times the natural convection 
current rating and 1-1/2 times the 1000 linear- 
feet/minute forced-convection current rating of 
the air-cooled assembly (40°C ambient). In 
addition, the water-cooled unit is about one-third 
the weight, occupies only about 40% of the 
space, and costs about the same as the air-cooled 
one. Therefore, when heat exchangers are com- 
pared, water cooling is usually the most economi- 
cal choice; forced convection air is next; and 
natural-convection air is last. 


Should you build or buy? 


Two of the most important resources in any 
company are manpower and money. The effec- 
tiveness of the utilization of these two resources, 
to a great extent, determines the company’s 
degree of success. Therefore, a decision to build 
or buy an assembly should consider this. But 
often the decision is based solely upon volume. 
For low-volume requirements, the automatic 
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Fig. 4—Water-cooled disc assemblies are most effective when 
constructed out of copper. Optional features, such as 
hook-up tabs for passive components, greatly increase the 
utility of such systems. 


determination is to buy the complete assembly; 
for high-volume requirements, to build them 
in-house. Unfortunately, this simple generaliza- 
tion is frequently wrong. The matter of building 
assemblies in-house, or buying a completely 
assembled module ,is a complex problem, requir- 
ing inputs from many different departments. 
One key question that should be answered is, 
how much does this assembly activity deviate 
from the normal line of business? That is, can the 
Organization handle the assembly job efficiently 
without adversely affecting normal day-to-day 


operations? Also, since time can be avery limiting 
constraint, how soon will these assemblies be 
needed—prototypes, production build-up rates, . 
etc.? Don’t forget ‘out-of-pocket’ investment 
costs, either. How much will the required raw 
materials, work-in-process, and finished as- 
sembly inventory, etc. cost? Above all, in any 
build or buy decision, do not neglect to consider 
opportunity costs. Could the required manpower 
needed for building assemblies be more produc- 
tive and earn a greater return on investment in 
other programs? 

Of course, engineering factors should not be 
overlooked when making a build or buy decision. 
Air and water-cooled disc assemblies must be 
clamped together to insure proper heat transfer 
to the sinks as well as to insure proper electrical 
contact. Insufficient mounting force can result in 
overheating due to higher forward voltage drop 
and higher thermal impedance. On the other 
hand, excess force can crack the silicon element. 
Both of these conditions will lead to device 
failure. 

Selection of the proper size clamp and devel- 
oping a good mounting procedure is essential. 
Preloading the clamp before it is actually used in 
the final application is desirable. Locating pins 
should be used, since they help center the disc 
for better load distribution. When assembling 
large-area devices requiring high clamping forces 
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Fig. 5—Water wins over air when it comes to cooling semiconductors. Here output current ratings for six different rectifiers are 


compared when water and forced-air cooling are used. 
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Fig. 6—Advantages of water cooling over air cooling include 30 to 40% more output current, over a 70% decrease in weight; a 60% 
decrease in space and more current/dollar. On the minus side, one must consider the plumbing and pump required. Air and 


water cooling are compared here for seven different disc SCR’s. 


(e.g., the T920/R920), clamp threads should be 
coated with either ‘‘Anti-Seize,” or ‘“Never Seez’”’ 
compound. This will prevent any binding be- 
tween the nut and clamp threads when force is 
being applied. (Either of these compounds can be 
purchased at a local automotive or plumbing 
Supply center.) 

Heat sink mounting surfaces should be flat, 
smooth and free from anodize or finishes. For 
example, aluminum extrusions should be spot- 
faced prior to mounting the disc power device. A 
thin film of a thermal-joint compound such as 
Alcoa #2 should be applied to both the device 
pole piece and heat sink mounting surface 
immediately prior to assembly. This increases the 
heat transfer from device to sink by filling small 
scratches and air gaps. It also tends to break 
down the oxide that often forms on the aluminum 
extrusion. : 

In summary, disc semiconductors and their 
associated heat exchangers, while certainly not 
fragile,do require careful,knowledgeable handling 
when they are combined in high-efficiency as- 
semblies. Many elements must be considered 
and it can be expensive for a company to develop 
this expertise. Moreover, since newer and better 
fabrication techniques are continuously being 
developed, the company which is building as- 
semblies in-house is well advised to keep up to 
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date on the latest methods and procedures. 
On the other hand, buying a complete as- 
sembly is not really a simple process, either. A 
specification must be developed; potential 
sources of supply identified; requests for quote 
issued; the resultant quotations reviewed and 
compared as to price, delivery, specifications and 
other relevant considerations; and finally a pur- 
chase order awarded to the successful bidder. 
This procedure costs time and money. Further, 
since companies with high volume, continuous 
production requirements usually carry some 
minimum inventory (safety stock) level, the costs 
associated with carrying this inventory (interest, 
manpower and _ facilities used) must not be 
forgotten. 

Balanced against these factors are three im- 
portant advantages of a buy decision. First, 
component manufacturers usually have a very 
large stock of devices on hand. This enables them 
to match heat sinks and individual components 
for best performance. Second, when you buy the 
complete assembly, all ratings can be guaranteed. 
There is no need to manipulate the ratings of each 
part. Finally, when you get everything you need 
from one supplier, you can significantly simplify 
logistics problems and possibly save money 
through larger purchases. 

With all these considerations in mind, the build 
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or buy decision can now be made. Direct costs 
associated with each option should be totaled. Be 
sure that each cost item listed under one option 
also appears under the other option (even if the 
cost is zero) so that the resulting totals being 
compared are balanced. For example, if assembly 
shipping costs are included under the buy option, 
then the shipping costs associated with each 
component part should be included under the 
build option. 

Totals should yield a fairly accurate estimate of 
the ‘‘out-of-pocket’’ costs associated with each 
option. However, judgement is the most im- 
portant factor in the entire process. In addition to 
these “out-of-pocket” costs, indirect costs as well 
as the other nonquantifiable areas previously 
discussed should be considered in making the 
final decision. Ultimately, the correct build or buy 
decision is the one which leads to the most 
efficient utilization of all available resources: 
manpower, facilities and money. 

Periodically, preferably every 12-18 months, 
previous build and buy decisions should be 
reviewed. Under latest conditions, is a change in 
strategy warranted? This review is especially 
important because economic and local market 
conditions change, anticipated production levels 
may be much lower or higher than originally 
projected, and/or original cost estimates used 
may no longer be relevant. Also, a previous build 
or buy decision may not necessarily be optimum 
for future jobs. Each project exhibiting differing 
characteristics should be considered on its own 
merits. Finally, remember that even if the resul- 
tant decision is to build rather than buy an 
assembly, the information gained from the neces- 
sary analysis will be well worth the effort. You will 
at least be certain that you’re getting the most out 
of your power semiconductors. 2 
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Dual-beam: an often misunderstood 
type of oscilloscope 


Known as dual-beam, dual-gun or split-beam, these special-purpose 
oscilloscopes are important design tools—if you understand them. 


Vince Lutheran and Bernie Floersch, Tektronix Inc. 


A frequent requirement in design work is to 
capture and simultaneously display on an oscil- 
loscope cathode-ray tube (CRT) two or more 
signals. Various methods of accomplishing this 
have been developed over the years, with each 
having advantages and disadvantages. Choosing 
the best method for any given application, then, 
is largely a matter of understanding the different 
techniques. 


Dual trace is least expensive 


Of the various ways available to display mul- 
tiple signals simultaneously, the most widely 
known and used is the dual-trace concept. Dual 
trace uses a single-electron-gun CRIT—your con- 
ventional oscilloscope with one set of X plates for 
deflecting the beam horizontally and one set of Y 
plates for deflecting the beam vertically. With this 
method two traces are obtained by electronically 
switching between two input signals, so that the 
two signals time share the single electron beam 
on the X and Y plates. Typically there are two 
methods of switching: the chop mode and the 
alternate mode. 

The chop mode (Fig. 1) uses a free-running 
oscillator to control an electronic switch. Thus, 
short segments of each input signal are displayed 
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Fig. 1—Single-beam CRT using chop-mode 
nonrepetitive. 


switching shows definite display 


with a single gun and single set of deflection 
plates. A vertical separation control allows the 
two displays to be offset on the Y axis within the 
confines of the graticule display area. The resul- 
tant display thus consists of two segmented 
traces. 

Since the oscillator controlling the switch is not 
synchronous with the display signal, chop mode 
causes no problem as long as input signals are 
repetitive, and the sweep speed is slow enough 
not to cause chop segments to be displayed. Both 
traces appear to be solid traces. However, if you 
look at two signals that occur only once, in other 
words are single shot, the segmentation in the 
display is clearly evident. Typically, the chopping 
oscillator runs at a 1 or 2 MHz rate, thereby 
severely limiting maximum useable sweep speed 
on such single-event signals. 

In the alternate mode (Fig. 2), switching occurs 
at the end of each sweep. Therefore the two input 
signals are displayed alternately at a rate deter- 
mined by sweep speeds used. This method is 
completely unuseable for two single-event sig- 
nals since, as the event occurs, it triggers the first 
sweep and there isn’t another event to trigger the 
second trace. 

The major advantage of the dual-trace tech- 
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nique, which is generally standard on better 
oscilloscopes, is its lower cost when compared to 
other methods of displaying two signals simul- 
taneously. Dual trace, though, does have definite 
disadvantages, the primary one being trigger 
ambiguity in the alternate mode. Two complex 
signals, unrelated in time, create problems in 
triggering or in determining coincident time 
relationships. Most modern oscilloscopes pro- 
vide a trigger-mode switch that allows triggering 
from either vertical channel, or from a composite 
of the two. If the two inputs are unrelated in time, 
you can only trigger on one, with its resulting 
display being stable. The second display, how- 
ever, will appear to be free-running. 

A second dual-trace disadvantage is signal loss 
due to the chopping rate or the alternate 
switching rate. If the signal is being chopped, 
each trace is displaying only half of the true 
signal, effectively leaving holes in the traces 
which must be interpolated. Furthermore, 
switching transients (which occur during switch- 
ing between the two signals) blank the Z axis. This 
further increases signal loss. | 

The third disadvantage of dual trace is that trace 
brightness is reduced in either mode. This follows 
because a single beam is being shared between 
two signals. Each display, then, is only going to 
have half the light output. 

One limitation of dual trace is phase error in 
the alternate mode with composite triggering. 
With the beam switching between two vertical 
channels and each channel providing triggering 
for its corresponding trace, there is no common 
time reference point. Thus, with different trigger 
signals in each case, the time relationship is 
ambiguous. 

Another limitation § to chopped, dual-trace 
Operation is chopping rate of the switching 
oscillator. This limit occurs when signal frequency 
catches that of the oscillator (typically 1 or 2 
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MHz). This means that:for a single-shot presenta- 
tion where two signals time share the beam, 
sweep speed must be slower than 1 sec in order 
to retain needed information. Even though the 
chopping oscillator runs at 1 MHz, the effective 
limit is much lower. Thus, single-shot applica- 
tions tor dual-trace oscilloscopes require very 
slow signals. 

In essence, then, dual-trace techniques are 
effective from both technology and cost con- 
sideration for almost all repetitive signal applica- 
tions. However, for multiple traces of single-shot 
events, some form of dual-beam oscilloscope 
becomes mandatory. 


What, really, is dual beam? 


Frequently, confusion reigns during discus- 
sions of the dual-beam concept. This is because 
the term loosely covers three different types of 
multi-beamed oscilloscopes: split-beam, dual- 
beam and dual-gun. In practice, any of the three 
may be labelled dual beam. For example, the 
Tektronix 7844 ‘‘dual-beam oscilloscope” is actu- 
ally a ‘‘dual-gun’”’ instrument. Users should be 
aware of the differences between the three types, 
however, since each has definite advantages and 
disadvantages. 


A split-beam concept CRT (Fig. 3) has a single 
electron source up through the second anode, at 
which point the beam is split. Each beam is then 
sent through independent vertical deflection 
systems and through a common horizontal de- 
flection system. Independent horizontal systems 
have never become cost effective for split-beam 
CRT’s. Dual-gun instruments, described later, fill 
any such application need without split-beam 
limitations. 

Some of the earlier split-beam CRT’s were 
single ended: one plate of the vertical deflection 
system was common to both beams. Each beam 
had independent deflections but shared the 
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Fig. 3—Split-beam CRT’s use a single electron source, which is split at the second anode. Each beam has an independent vertical 
deflection system, but shares a common horizontal deflection system. 


common center plate. Newer split-beam designs 
are double-ended with two fully separate sets of 
vertical deflection plates. 

Split beam represents a giant stride over dual 
trace in that time sharing is no longer involved. 
The traces are displayed 100% of the time. Split 
beam also overcomes, item for item, the other 
major disadvantages of dual trace: there is no 
signal loss nor extensive light loss due to time 
sharing; a single horizontal position control 
maintains time registration on all displays; and 
the single horizontal amplifier minimizes the time 
adjustments for the split beam. 

Among split-beam limitations is lower writing 
speed due to only one electron source being 
available for both beams. Also, the single electron 
source ties both beams to a common intensity 
control, again a feature which may inconvenience 
the operator. If Z-axis modulation is needed for a 
given application, this single electron source 
prevents independent modulation. 

The second of the dual-beam-type  oscil- 
loscopes is that concept properly labelled as dual 
beam. Dual-beam CRT’s (Fig. 4) use two electron 
sources, two independent vertical deflection 


VERTICAL 


systems and a common set of horizontal deflec- 
tion plates. They overcome the same dual-trace 
disadvantages as do split-beam oscilloscopes 
and, additionally, overcome the electron source 
limitations of split beam. Since they use a single 
horizontal amplifier, a single time base and a 
single trigger circuit, dual-beam units are less 
costly than later developed dual-gun instruments. 

The third dual-beam concept, and the one 
representing the most advanced technology, is 
the dual-gun concept (Fig. 5). This CRT has two 
totally independent systems: two electron 
sources, two vertical deflection systems and two 
horizontal deflection systems. Only the display 
screen is shared by both beam systems. 

Undoubtedly, the principal unique advantage 
of a dual-gun oscilloscope is its ability to display 
one signal—or a single event—in real time at two 
different sweep speeds. Almost as important is 
the dual gun’s ability to trigger each sweep 
separately. Thus displays of two signals, unrelated 
in time, are stable. 

In practice, all dual-gun oscilloscopes have two 
vertical amplifier sections, two horizontal am- 
plifier sections and two horizontal time bases. 
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Fig. 4—Dual-beam CRT’s differ from split-beam ones in that they have two independent electron sources. Deflection systems are 


the same. 


47 






DUAL GUN CRT 


a VERTICAL 1 | | 
L\ prow VERTICAL 2 


HORIZONTALA 


aes VAb 









HORIZONTAL B 








Fig. 5—Dual-gun CRT’s employ two independent systems, sharing only the display screen. Each beam can be triggered 
separately—at different sweep speeds—thus making this the most versatile technique. 


Selective cross coupling is also available on newer 
dual-gun oscilloscopes so that either or both 
beams can be driven by any combination of 
vertical or horizontal systems. 

A primary disadvantage of the dual-gun con- 
cept is that each beam has a separate horizontal 
position control. When making time-related mea- 
surements, the operator has to register each 
beam with the other using two separate controls. 
This can be an inconvenience when compared to 
dual-beam or split-beam concepts. 


Dual-beam applications are varied 


In general, anyone who needs to look at two or 
more fast, nonrecurring events, or very slow 
repetition-rate events, should consider dual 
beams. And, for most applications, the dual- 
beam oscilloscope should be augmented with a 
camera for a permanent record. 

The following paragraphs illustrate the wide 
variety of applications possible with dual-beam 
oscilloscopes. They describe some actual areas 
where the unique capabilities of dual beams are 
put to use. 
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Fig. 6—Plasma shock wave experiment is an ideal application 
for dual-beam oscilloscopes. 
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Collisionless shock wave experiments: In plas- 
ma shock-wave experiments (Fig. 6) using a ruby 
Q-switch laser, the signal displayed represents 
laser-beam intensity with a duration of 20 nsec, a 
risetime of 10 nsec or less and an amplitude of 5 
mV. One signal origin is scattered light from 
plasma when hit by a laser beam through a 
photomultiplier amplifier. The second _ signal 
Origin is a display of the laser light portion of the 
incident pulse. 

Plasma research: Technology in this field has 
progressed to a point where kilowatts of power 
can be switched by way of a plasma arc in less 
than 1 psec. Here, current and voltage waveforms 
of nonlinear switching are displayed on dual 
presentations. An alternate solution to this situa- 
tion could employ a dual-trace presentation using 
a very high-speed chopper. This, though, would 
create considerable problems due to the chop- 
ping transients in the oscilloscope’s electronic 


switch. 
Switch design: Switch designers need dual 


beams for single-sweep examinations of  in- 
stantaneous power consumed during the switch- 


SWITCHING TRANSIENT ANALYSIS (MANUAL SWITCH SHOWN) 
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Fig. 7—Switching transient analysis of mechanical switches, 
where power is consumed only during actual switching, 
requires a dual-beam oscilloscope for measuring power. 
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ing event. This is needed because a switching 
device consumes power only while it is switching. 
When the device is ON, it has low, or no, 
impedance; therefore it is consuming little or no 
power. When the device is OFF, it has high 
impedance, again consuming no power. For 
reasons of power dissipation of the device alone, 
the designer has to know the instantaneous 
power during the time the device is switching. 
These devices typically switch in the sub- 
nanosecond range. Therefore, simultaneous volt- 
age and current oscilloscope waveforms are the 
only feasible means of power measurement 
(Fig. 7). 

Medical research: This is a long-standing appli- 
cations area for dual beam. For example, a 
researcher may want to stimulate a nerve and 
observe the reaction. Due to the response time of 
the nerve itself, this becomes essentially a 
single-shot application. One oscilloscope beam 
displays the stimulus pulse and the second beam 
displays the nerve reaction. Here the time coinci- 
dence is the important parameter. 

Another area of medical application involves 
looking at a response or a biological phenome- 
non, whether the phenomenon is stimulated or 
not, on two grossly different time scales. One 
time scale looks at the overall reaction, while the 
other display narrowsthe time down toa very small 
window. Perhaps it even uses some of the 
available vertical signal processing, such as differ- 
ential, to look at small amplitudes as well as small 
time frames. Muscle artifact measurements fall 
into this category. O 
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MOSTEK’s MK4102P-6 is fast—275 ns ~ 
access time! But speed is only one of © 

_ Its features. Just as important, it's easy _ 
to use, requiring only one +5 V power _ 
supply. All inputs are TTL compatible. 
And the processing technology is strict- 

__ ly state-of-the-art utilizing a combination ? / 
of N-channel silicon gate plusion ==. MOSTEK’s line of 1K RAMs: 
implantation. tatic o 
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Designer’s Guide to: Software for 
the hardware designer—Part Il 


Programming microprocessors is not as easy as you might expect. 
Here’s the way to program at least one popular type. 


ohn Bond, Associate Editor 


Programming a microprocessor (as with any sort of microprocessor. Try to debug your pro- 
computer) is dependent on the particular ma- = grams on that! So there is really only one way to 
chine. It does no good to consider it ina general get at the subject—pick a specific unit, see how it 
way since the would-be programmer would learn works, examine the instruction set, write pro- 
only to program a generalized (and nonexistent) 
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Fig. 1—Block diagram of 
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grams for it and consider how you’re going to get 
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Fig. 2—Basic instruction cycle of the 8008 indicates the five states T, through T;, of a typical processor cycle. 


the programs into it. The only way to do this with 
any success is to have a microprocessor and 
supporting equipment to play with. You can’t do 
it very well as a purely paper exercise. 

Having said all that, we will proceed to give you 
future programmer-engineers a purely paper 
insight into the technique. Whether or not you 
finally become competent at it will depend on 
how much you play with your microprocessor. 
Because if software is the way to good design, 
hardware is the only route to software. 

The particular hardware that we’ve chosen to 
write about is the Intel MCS-8, built around the 
8008 processor chip. This 8-bit »P has been 
around for quite a while and has been sold in 
large numbers. Even more important, the MCS-8 
has been supported with a considerable amount 
of software for a microprocessor. Whether you 
use this device or some other, you'll find some 
useful principles embodied in the following 
discussion of software for hardware designers. 


In the beginning there was a chip 
The Intel 8008 processor chip is the heart of the 
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MCS-8 microcomputer. Its organization (Fig. 1) 
and timing (Fig. 2) determine what sort of 
instruction set any computer built with this chip 
must have. That instruction set (Table 1) is the 
basic stuff out of which all programs must be 
assembled. 

But computers do not live by processors alone. 
It takes a lot of off-chip electronics to make a 
micro. The basic MCS-8 has considerably more to 
it as can be seen from the block diagram (Fig. 3). 
Prototyping systems are available to help develop 
MCS-8 hardware and software for specific appli- 
cations. The most elegant of these is the Intellec 8 
which is almost a minicomputer in itself. 


A minimum system required to work out 
programs might include the following: an ASR-33 
Teletype™, MCB 8-10 interface/control module 
(assembled interconnect, display and control 
switches for SIM8-01 and MP7-03), MP7-03 pROM 
programmer card and a SIM 8-01 prototyping card 
(this is a basic MCS-8 set up for ease of software 
development). In addition to this, a designer 
would probably need at least four unprogrammed 
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INSTRUCTION CODE 


DESCRIPTION OF OPERATION 


Load index register ry with the content of index register r3. 
Load index register r with the content of memory register M. 
Load memory register M with the content of index register r. 


Load index register r with dataB.. . B. 


Bz D, Do 


Load memory register M with dataB... B. 


Increment the content of index register r (r # A). 


Decrement the content of index register r (r # A). 


eco g ; mory register M, or data 
B ...B to the accumulator. An overflow (carry) sets the carry 


flip-flop. 


Add the content of index register r, memory register M, or data 
B ...B to the accumulator with carry. An overflow (carry) 
sets the carry flip-flop. 


Subtract the content of index register r, memory register M, or 
data B ...B from the accumulator. An underflow (borrow) 
sets the carry flip-flop. 


nino — 
no oO 


Subtract the content of index register r, memory register M, or data 
data B ...B from the accumulator with borrow, An undertlow 
(borrow) sets the carry flip-flop. 

Compute the logical AND of the content of index register r, 
memory register M, or data B ,.. B with the accumulator. 


Compute the EXCLUSIVE OR of the content of index register 
r, memory register M, or data B ., . B with the accumulator, 


Compute the INCLUSIVE OR of the content of index register 
r, memory register m, or data B ... B with the accumulator. 


Compare the content of index register r, memory register M, 
or data B .. . B with the accumulator. The content of the 
accumulator is unchanged. 


Rotate the content of the accumulator left. 
Rotate the content of the accumulator right. 
Rotate the content of the accumulator left through the carry. 


Rotate the content of the accumulator right through the carry. 


1 0 O |Unconditionally jump to memory address B3 . 

Bz B2 B2 

B3 B3 B3 

0 O O |Jump to memory address B3... B3B2 .. .B2 if the condition 

Bz Bz B2 | flip-flop c is false. Otherwise, execute the next instruction in sequence. 
B3 B3 83 

0 0 O |Jump to memory address B3.. . B3B2 . . . B2 if the condition 

Bo Bz Bo | flip-flop cis true. Otherwise, execute the next instruction in sequence. 
Bg B3 B3 


1.1 0 |Unconditionally call the subroutine at memory address B3... 

Bz Bg Bz |B3B2.. . B2. Save the current address (up one level in the stack). 

B3 B3 B3 

Oo 1 Call the subroutine at memory address B3 . . .B3B2 . . . B2 if the 

Bz Bz Bz | condition flip-flop c is false, and save the current address (up one 

B3 B3 Bg |level in the stack.) Otherwise, execute the next instruction in sequence. 


Return (down one level in the stack) if the condition flip-flop c is 
false. Otherwise, execute the next instruction in sequence. 
Return (down one level in the stack) if the condition flip-flop c is 
true, Otherwise, execute the next instruction in sequence. 


Read the content of the selected input port 
accumulator, 


Enter the STOPPED state and remain there until interrupted. 





C1702A/S714 2048-bit pROM’s, a 
3-ROM set for bootstrap loading 
and pROM control, and an 
8-ROM set containing the as- 
sembler program (also available 
in paper tape). Excluding the 
previously mentioned TTY and 
the unmentioned but obvious 
power supply, cables and ultra- 
violet pROM eraser, the bill for 
all this comes to $2760, accord- 
ing to my price list. You’ve come 
a long way from an _ 8008-1 
microprocessor at a one-off 
price of $180 to a prototyping 
system that is sure to come in at 
over $3000, once everything is 
accounted for. But that’s what it 
takes and if you’re serious about 
this business, that’s the least 
you'll have to pay. 

For anyone who expects to be 
doing a great deal of program- 
ming development of MCS-8 
based systems, the Intellec 8 
represents a more convenient 
choice than the minimum sys- 
tem described. But for the 
purpose of our software discus- 
sion, it will be assumed that the 
user has at least that minimum 
system available to get hands-on 
experience. 

Back to the chip 

Now that you’ve seen what 
sort of system can be, and in 
fact, must be built around the 
8008 chip to make it useable, 
let’s go back and look at the chip 


itself. 
The 8008-1 executes nonmem- 


ory referencing instructions in 
12.5 usec when operating from 
an 800 kHz clock (20 psec for the 
8008 with a 500 kHz clock). There 
are 48 variable byte instructions 
including data manipulation, 
binary arithmetic and jump to 
subroutine. Most instructions 
are coded in one byte (8 bits), 
but data immediate instructions 
use two bytes, and jump 
instructions need three. There is 
one 8-bit accumulator, seven 
8-bit general registers, four 
condition flags, eight 14-bit 
address stack registers, eight 
8-bit input ports and 24 8-bit 
output ports. It interfaces with 
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Fig. 3—MCS-8 basic system shows the external electronics that must be added to the 8008 processor to make it a computer. 


ROM’s, RAM’s, pROM’s and shift registers to 
form a general-purpose computer. The 8008 is an 
interruptable, 2’s-complement processor that can 
directly address up to 16k bytes of memory (any 
mix of ROM, RAM, pROM or SR). That’s better 
than many mini’s and is a direct consequence of 
the 14-bit addressing used on the chip. 


The instruction set 


Table 1 shows all the instructions available to 
the MCS-8 programmer. The first column of the 
table gives the assembly language mnemonic for 
each instruction. The second column is con- 
cerned with the number of timing states that it 
takes to carry out the instruction. Typically a 
machine cycle consists of five states (Fig. 2). 
During a machine cycle, states T, and T. are used 
for sending an address to memory; T; is for 
instruction or data fetch; and the two states, T, 
and T., are used for execution of the instruction. 
As can be seen from Table 1, as many as 11 states 
are required for some instructions. 

The instruction code column of Table 1 indi- 
cates the machine code and number of bytes 
(1, 2 or 3) required to execute an instruction. 
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Finally, the last column describes the operation of 
each instruction. 

There are five basic types of instructions: index 
register, accumulator group, program counter 
and stack control, input/output and machine 
instructions. 

Index register instructions are used to load or 
move data between index registers and memory 
registers, load processor or memory, and incre- 
ment and decrement the index register. 

Accumulator group instructions are concerned 


_with things done to or with the single 8-bit 


accumulator. They can be classified in several 
ways: The ALU index register operations are 
carried out between the accumulator and the 
content of one of the index registers (SSS = 000 
through SSS = 110). ALU operations with memory 
are arithmetic and logical operations carried out 
between the accumulator and the byte of data 
addressed by the contents of registers H and L 
(memory register). ALU immediate instructions 
carry out arithmetic and logical operations be- 
tween the accumulator and the byte of data 


immediately following the instruction. Finally, 
rotate instructions, the last of the accumulator 


group, shift accumulator contents left or right. 
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Program counter and stack control instructions 
are of four types. Jump allows the normal flow of 
the program to be altered by jumping to an 
address specified by byte two and three of an 
instruction. Call allows subroutines to be called 
and nested up to seven levels. Return instructions 
are used to exit from a subroutine and pop-up the 
pushdown stack one level. Restart acts as a 1-byte 
call on eight specified locations of page zero (the 
first 256 instruction words). 

Input/output instructions are self explanatory 
and machine instructions are merely a_ halt 
command to the processor. 


Assembling programs 


Programs are originally written in symbolic 
assembly language. This is put into punched-tape 
format on the teletype™. The hardware assem- 
bler, mentioned previously, translates that tape 
into an octal representation of the MCS-8 ma- 
chine language. An auxilliary program then trans- 
lates this octal object code into the ‘’‘BNPF’’ 
format suitable for bootstrap loading. 

“BNPF’’ deserves a little discussion since it is 
not a common programming format. It’s an Intel 
oddity that was developed because of their 
particular requirements to transmit programs 
over teletype. If binary is used, all transmissions 
would use the characters ZERO and ONE. But in 
ASCII code, there is only a 1-bit difference 
between the codes for ® and 1. Thus, any glitch in 
the right spot can make a @ print as a 1 and vice 
versa. If instead, a P is used for a1 and anN fora 
@, then noise or other transmitted errors are 
obvious. For every eight binary characters repre- 
sented by N’s and P’s, there are two additional 
characters—a B for begin and an F for finish. So 
BNPF code looks like this: BNNNPPNPNF 
BNPNNPNNF. 

That’s an odd arrangement for programmers, 
but for a hardware designer taking his first fling at 
programming, it’s no stranger than the rest of 
this. But there’s more to this than BNPF. Let’s take 
a look at the steps involved in developing a 
program. 


Practice makes near-perfect 


The only way to really learn to write MCS-8 
programs is to take the instruction set (Table 1) 
and start writing programs around it. Of course, 
that means you should have all the equipment 
previously mentioned to debug the programs 
you've written. But even without the necessary 
equipment (SIM8 or Intellec 8), you can practice 
writing programs in the MCS-8 assembly 
language. 

Except that the mnemonics are somewhat 
different, assembly language does not appear to 


be much different than that discussed in Part | of 
this series. Machine language, because of its one, 
two or three 8-bit byte organization, is more 
unusual. Assembly language coding of a sample 
program is shown in the following example along 
with its binary machine language representation: 
Assembly Language 
1) START HLT 


2) LBI 001 Load Index register B with 001 
3) LA! 000 Load Index register A with 000 
4) L1 OUT 010 AC contents to output port 010 
5) ADB Add Index register B to AC 
6) LCA Load C from A 
7) L2 INP 001 Read input port 001 into AC 
8) RRC Rotate AC contents right 
9) JFC L2 Jump to L2 if false 
10) LAC Load A from C 
11) JMP L1 Unconditional jump to L1 
END 


Machine Language (same program) 


1) 00000000 
2) 00001110 
3) 00000110 
4) 01010001 
5) 10000001 
6) 11010000 
7) 01000011 
8) 00001010 
9) 01000000 
10) 11000010 
11) 01000100 


00000001 
00000000 


00001000 00001010 


This simple program is only intended to show 
the sort of things that can be done with the 
instruction set. Most programs will be consider- 
ably longer and more complex, as shown from 
this assembly language program provided by Intel 


Corp: 
BEGIN LAI 1 SUPPRESS TTY 

OUT 12B OUTPUT 2 

XRA CLEAR AC 

OUT 138 OUTPUT 3 - TAPE R 
EADER CONTROL 

CAL TAPE CALL FOR TAPE REA 
DER CONT. RT. 

JMP BEGIN 
TAPE LAI 1 TAPE READER ENABL 
E CODE 

OUT 13B OUTPUT 3 - ENABLE 
TAPE READER 

CAL TTYD1 TAPE READER CONTR 
OL DELAY 
DY HLT WAIT FOR TTY STAR 
T PULSE 

CAL TTYD2 TTY DELAY - 4.468 

MSEC. 

XRA TAPE READER DISAB 

LE-CHODE 


55 


OUT 13B OUTPUT 3, DISABLE 


TAPE READER 


INP OB INPUT 0, READ STA 
RT PULSE 
LCI 255 COMPLEMENT TTY ST 
ART PULSE 
XRC EXCLUSIVE-OR REC. 
C 
OUT 12B OUTPUT 2, OUTPUT 
START PULSE 
LEI 248 TTY DATA SAMPLING 
COUNTER 
TTYIN CAL TTYD1 TTY DELAY - 9.012 
MSEC. 
INP OB READ TTY DATA INP 
UT 
LCI 255 COMPLEMENT TTY DA 
TA ) 
XRC 
OUT 12B OUTPUT 2, TTY DAT 
A OUT 
RAR STORE TTY DATA 
LAB LOAD TTY DATA TO 
REC. B 
RAR 
LBA LOAD AC TO REC. B 
INE E=E+1 
JFZ TTYIN JUMP IF ZERO F/F 
IS NOT SET 
LAB LOAD REC. B TO AC 
OUT 11B OUTPUT 1, TTY CHA 
RACTER 
SUI 128 REMOVE PARITY BIT 
LBA STORE TTY INPUT D 
ATA 
CAL TTYD1 
LAI 1 
OUT 12B SUPPRESS TTY © 
RET 
TTYD1 LDI 115 9.012 MSEC DELAY 
ST IND De Dh 
JFZ ST 
RET 
TTYD2 LDI 186 4.468 MSEC DELAY 
ST2 IND D=D+1 
JFZ ST2 
RET 
END 


One needn’t write programs of that length to 
gain programming experience, however. Most 
long programs are really a combination of much 
smaller routines, and the program shown here is 
no exception. Practicing with small programs that 
do basic things is the best way to gain experience. 
Once that’s done, it’s a simple matter to string the 
basic routines together. Then, a complete system 
is required to check the program for errors as 
written and, later, to debug it. To do this requires 
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some understanding of the techniques involved; 
that is, the actual manipulation of programs, 
tapes, hardware, etc. required to generate an 
object tape or BNPF tape. 


Putting it all together 

The first step, obviously, is to write the program 
in symbolic assembly language, as has been 
discussed. Next, a source tape is punched on the 
ASR-33. Then the SIM8& must be prepared. This 
requires loading of the assembler ROM’s, preset- 
ting the interrupt instruction and bootstrap load- 
ing of the last page of the assembler into 
read/write memory. Now complete pass one. This 
is done by placing the source tape into the reader 
and giving the assemble command. (ASSEMBLE: 
Origin. Origin is any octal value from 000:000 to 
777:777, depending on where the program is to 
start.) The pass one listing is done by the 
assembler which reads the source tape, prompts. 
all assembly lines, ignores comments and gener- 
ates a symbol table. 

Pass two requires a reread of the source tape. It 
is initiated by a LOAD or LIST command. (Load 
command puts the object code into memory, list 
does not.) If the paper tape punch is turned on at 
that time, an octal version of the object code is 
generated. 

Assuming there have been no errors in as- 
sembly (or the source tape has been edited, 
corrected and a new object tape generated), you 
may elect to put the program into memory. If you 
wish to program pROM'‘s or do bootstrap loading, 
you must convert the object tape into a BNPF 
tape. This is done by loading the BNPF program 
(Intel Tape A0849), loading the object tape and 
executing the BNPF tape generator program to 
produce a BNPF output tape and FTY readout. 


How to end tedium 


If all this seems time-consuming and tedious— 
it is! Larger computer systems use FORTRAN, 
COBAL or BASIC or WHATEVER higher level 
language compilers to generate many machine 
instructions from a few commands. But there are 
inherent inefficiencies in such an approach. Too 
much machine code may be generated, and in a 
small system, that just fills up memory and bogs 
down the processor with unnecessary steps. 

There is a higher level language available for 
the MCS-8. It is optimized so that with a little 
practice in its use, programs can be written with 
only a slight loss of efficiency. That language is 
called PL/M. It can be run on any large-scale 
computer. The PL/M compiler, cross assembler 
and simulator may be procured directly from Intel 
or can be accessed through a number of national 
computer time-sharing services. The next article 
in this series will concentrate on PL/M. © 
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The R10: 
our compact, multi-purpose relay. 


You might say we designed it to be many 
things to many people. 





Copiers, computer peripherals, 
communication equipment, busi- 
ness machines, precision instru- 
ments—you’ll find our R10 in a 
multitude of applications requiring 
a compact, reliable, multi-pole 
relay. That's because it probably 
gives you more design options 
than any other single relay. 

Consider these choices: Con- 
tact arrangements to 8PDT. Rat- 
ings from dry circuit to 10 amperes. 
Six styles of contacts, including 
bifurcated. Sockets with solder or 
printed circuit terminals, including 
one for mounting the relay hori- 
zontal to a printed circuit board— 
and all with or without grounding 
provisions. 

R10 relays have U/L Compo- 


nent Recognition. Models to 6PDT 
have C.S.A. Component Recogni- 
tion. Life expectancy is to 100 mil- 
lion operations, depending on con- 
tacts and load. The R10 is available 
with a voltage- or current-sensitive 
coil. Pick-up ranges from 2.25 to 
86 VDC, 5 to 86 VAC, or 0.85 to 45 
milliamp, with proper power sup- 
ply. Depending on the number of 
contacts, the R10 weighs from 22 
to 40 grams. 

R10 relays are in stock at your 
leading electronic parts distributor; 


Solving Switching Problems 


is what were all about. 
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or call your PaB representative. 
Foryour copy of the 226-page cata- 
log showing the complete PsB line 
write Potter & Brumfield Division of 
AMF Incorporated, Princeton, Indi- 
ana 47670; or phone 812 385 5251. 
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... but our products work 


When it comes to basics—designing and manufacturing 
products that work and keep on working year after year— 
Cherry really shines. And, if you are the type that prefers 
old-fashioned good customer service, straight talk and 
actions that speak louder than any words, Cherry has 
what you like. 


Let's talk good honest value for a minute. Take quality 
and price: We fabricate most of our own components 
(moldings, stampings, springs, printed circuits, etc.) so we 
can control quality all the way. And we’re loaded with 
automatic equipment, so we can handle high volume 
with low unit costs. 


When you need a switch or keyboard, you discuss 
your application with a technically trained Cherry 


CGH 





representative. Then our engineers try to solve your 
problem with an inexpensive “standard.” But if you need 
a custom design, that’s what you get. And when our 
man gives you a delivery date, count on it. We won’t 
wreck our reputation or your schedules with pie-in-the- 
sky promises. 

Give us a try, We think you’ll like doing business with 
Cherry. 


caxeex® gil Let us send you our complete menu of meat 
~~ ‘qua and potatoes switches: the new Cherry 
ae = Catalog. TWX 910-235-1572...or 
BEE. 


PHONE 312-689-7700... or circle the 


reader service number. 
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Do you have what it takes 
to be an EFFECTIVE engineer? 


Ineffective engineering represents a horrendous and needless waste 
of valuable talent. Here is how to increase your effectiveness. 


Thomas T. Samaras, Hoffman Electronics Corp. 


Many engineers are ineffective at their jobs. 
Instead of being a driving influence in their 
companies, they are influenced and driven. This 
need not, and should not, be the case. Any 
individual who has the intelligence and drive to 
obtain an EE degree must have something on the 
ball. But all is wasted unless he learns to be 
effective on the job. 

What is an effective engineer? To me, an 
effective engineer is one who does the complete, 
correct job, within a reasonable schedule, and 
within available funds. Is doing a good design job 
the prime factor? Not necessarily. From the point 
of view of industry, completing your design on 
time and within budget are equally important. 
Delays in designing and marketing a product 
mean sales and revenue lost to competitors, or, in 
the worst case, it can mean creating a product 
after the need for it has disappeared. Alternative- 
ly, design, development and production costs, 
higher than target, may mean that the product 
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cannot be profitably marketed at competitive 
prices, so sales suffer. Let’s not forget that many 
businesses fail each year for just such reasons. 


Learning a lesson the hard way 


A good example of what can happen when a 
time schedule is not met occurred recently in 
California. A unique approach to detecting and 
analyzing harmful products in the atmosphere 
was the basis for the formation of a small 
company by a group of engineers and business- 
men. Having limited resources, they established a 
time table for introducing their new equipment 
on the market. This schedule was based both on 
their estimate of how long it would take to solve 
several key technical problems and on the funds 
available to keep the company solvent. Market 
introduction for the equipment was set to coin- 
cide with the issue of stock. Thus, additional 
money could be obtained to enable the company 
to go into production and successfully market 
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Fig. 1—Key elements of configuration management are indicated in this flow chart.* 
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their unique product. 

Unfortunately, the prototype was not fully 
operational when the stock offering was made. 

Investors were therefore unwilling to pay the 
price per share needed to get the company into 
production. As a result, staff and operational 
costs had to be reduced to a minimum—just 
enough to get the equipment working. The 
company tottered near the brink of bank- 
ruptcy—saved only by the introduction of addi- 
tional capital by one of the original investors. 
After several more months the company had 
almost solved its technical problems, but was still 
in deep financial trouble. Effective engineering 
would have prevented these problems. 

Besides the marketing disadvantages of high 
costs and late completion of work, ineffective en- 
gineering also causes problems in the technical 
area. Lower profits mean less money for R&D, 
laboratory equipment, new facilities and pay 
raises, while schedule slippages delay new design 
starts. Fresh design challenges are thus post- 
poned, while old projects drag on and on. 

Since ineffective engineering inevitably pro- 
duces undesirable consequences, let’s take a 
positive approach. Here are the five major 
requirements which an engineer should master in 
order to be effective: the technical basics, 
creativity, management ability, human relations 
skills and configuration control. 


It may sound elementary, but... 


Knowledge of design techniques and materi- 
als/components is a necessary factor for an 
effective engineer. Basic design techniques, in- 
cluding network and matrix analysis, Fourier and 
Laplace transforms and tradeoff studies are, of 
course, essential in developing electronic circuits 
and systems. Familiarity with various types of 
circuits is also important; e.g., filters, impedance 
matching networks, oscillators, amplifiers (pulse, 
IF, RF, operational and dc), etc. 

Most engineers acquire substantial knowledge 
and proficiency in these techniques or circuits 
from their formal engineering courses. However, 
an engineer gradually becomes rusty in their use 
if he doesn’t work with them regularly. This is 
natural, and can be avoided only by periodic 
reviews. Are you currently proficient, or stale? 

In addition to basic design techniques, new 
methods using special devices are continuously 
being developed to help engineers make faster 
and more accurate designs. Interactive CRT 
consoles and computers enable engineers to 
explore many more design options or approaches 
in much less time. In some cases, productivity 
increases up to 48 times. Automated drafting 


systems help designers make more precise lay- 
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outs and artwork for printed wiring boards at a 
fraction of the time used with traditional meth- 
ods. Computers can perform modelling, simula- 
tion, and circuit synthesis and analysis. They 
handle, in minutes, complex calculations that 
would normally take hours or days to do. 
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Are you familiar with, and proficient in, the use 
of such modern engineering tools? To be most 
effective, you must be. Take advantage of every 
opportunity to learn. 


Know your components and materials 


Knowlege of components and materials is a key 
ingredient in improving old products or develop- 
ing state-of-the-art devices. This dynamic area 
requires constant review if an engineer is to be 
effective. Engineers should be ever alert to new 
developments which produce novel solutions to 
old problems. 

How do you keep current on new develop- 
ments? Read trade journals regularly. Attend 
exhibits and seminars. But do not trust the 
valuable information you gather to your memory 
alone. A more formal and systematic approach is 
needed. For example, a separate notebook or file 
of new components and materials should be 
maintained. Periodically review it to refresh your 
memory, discarding obsolete material. 


Broaden your outlook 


Obviously, a good understanding of the basic 
disciplines related to your area of specialization is 
essential to being an effective engineer. Howev- 
er, one should not forget that a broad knowledge 
_of other, somewhat unrelated, disciplines can 
also be valuable. For example, | once took a night 
course in thermodynamics. At the time | didn’t 
think it was worth much to an electronics 
engineer, but | was somewhat interested in the 
subject. One concept, the Second Law of Ther- 
modynamics, stuck with me through the years. 
Then, somewhat to my surprise, | was able to 


apply this law to a discussion of organizational 
behavior.! You just never know what knowledge 
might eventually be useful. 

A breadth of knowledge, if not acquired in your 
formal education, can also be self-taught. Read 
basic textbooks, concentrating on subjects which 





concentrate on 1 subjects w ich either interest you « or 


which you feel might someday be useful. Remember 
that in-depth knowledge isn’t required unless you have a 
specific problem to solve.” 


either interest you or which you feel might 
someday be useful. Remember that in-depth 
knowledge isn’t required unless you have a 
specific problem to solve. A good understanding 
of fundamentals will be adequate for most 
situations, since it will enable you to recognize, in 
some detail, where you need help. 

Speaking of knowledge, we sometimes tend to 
forget that it can be either theoretical or practical. 
The effective engineer gets things done, so he 
recognizes the value of practical knowledge. 
Specifically, he should know how the equipment 
he is designing is assembled, documented, tested 
and operated. 

For example, a knowledge that the production 
environment requires rapid, simple operations 
can provide many benefits. It will help you avoid 
designing unnecessary precision into your pro- 
duct. That is, you won’t design a frame for 
holding pc boards that requires an assembler to 
follow a very careful and slow alignment proce- 
dure before he can slide the board into its frame. 
Such awareness will also reduce the cost of 
manufacturing the frame. It will help mainte- 
nance people by reducing the difficulty in remov- 
ing and replacing defective boards. It will also 
minimize equipment down time and repair costs, 
which is a valuable feature for the end-user. 

To acquire a practical knowledge of good 
equipment design, talk to production personnel, 
quality-control inspectors, test engineers and, if 
possible, customers themselves. Effective en- 
gineers, knowing what troubles are usually exper- 
ienced with new products, plan their designs to 
avoid problems, not create them. 


Consider these aspects of creativity 


Effective engineers possess a measure of crea- 
tivity. By creativity, | mean the ability to combine 
various elements in unique ways to solve a 
problem or develop a new product. However, 
this creative ability often must be coupled to 
other objectives before it can be valuable. Such 
objectives include creating new, useful products 
or finding ways to reduce the costs and improve 
the performance and reliability of existing pro- 
ducts. Creativity can also be applied to nonhard- 
ware areas, such as developing new procedures 


Or organizational techniques to improve ef- 
ficiency or reduce schedule times. 

As an example of a creative design achieve- 
ment, | recall a system which was using two 
similar, but totally independent, amplifier circuits 
to perform two different functions. A creative 
engineer, recognizing that the two amplifiers 
were never called upon to perform their func- 
tions at the same time, reduced the two circuit to. 
one. Fewer parts, smaller space requirements and 
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higher reliability were the results of his creativity. 

Creativity in a nonhardware area can also 
readily be described. In this case, an inefficient 
personnel mix existed in a drawing and change- 
control group. The chief engineer, recognizing 
the problem, applied his creativity to reorganize 
the department. The key to his solution was to 
assign the right person to each job, being careful 
to avoid job descriptions which would produce 
an overqualified staff. The mix of personnel, 
before and after, was as follows. 


Betore After 
Supervisor Supervisor 
Supervisor Design-draftsman 


Design Checker Sr. Draftsman 


Design Draftsman Draftsman 
Sr. Draftsman Sr. Clerk 
Sr. Clerk Clerk 
Clerk Clerk 


As you can see, the quantity of people re- 
mained the same. Yet the final optimum mix 
produced significant benefits. The group’s overall 
performance was much improved and a cost 
savings Of $10,000 a year was realized. Overquali- 
fied people, moved into jobs that could better 
use their abilities, were well satisfied with their 
newly challenging positions. 

Can creative ability be developed? | believe it 
can. Everyone with normal intelligence can be 
creative—if he is willing to work at it. The 
principal ingredients to creative accomplishments 
are motivation and the acquisition of a sound 
body of knowledge. Other factors include an 
active, independent and curious mind, plus the 
flexibility and readiness to examine new ap- 
proaches even if out of step with most current 
beliefs. 

For example, a few years ago | heard an 
engineer tell a physicist that he thought man 
would find a way to go faster than the speed of 





that he thought man would find a way to go faster 
than the speed of light.” 
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light. The derisive smile on the physicist’s face 
could have turned off a sensitive person, but that 
engineer had the self-confidence to stick to his 
creative viewpoint. He deserved respect, not 
because he could prove his statement, but 
because he had the imagination to see beyond 
the narrow confines of established knowledge. 


Do you organize and control? 


Management ability often makes the difference 
between a successful engineer and a failure. By 
management ability, | don’t mean the supervision 
of many people, but rather the organization and 
control of your area of responsibility. This ability 
is necessary because an engineer rarely works ina 
secluded laboratory. Instead, he must interface 
with, and properly coordinate the activities of, 
such functional groups as purchasing, drafting, 
quality assurance, reliability, standards, manufac- 
turing and testing. The effective engineer recog- 
nizes this fact'and manages his activities accord- 
ing to a basic procedure, which he modifies as 
appropriate to each project undertaken. The 
following procedure is recommended. 

1. Identify your objectives and tasks in as 

specific and detailed a manner as you can. 

2. Identify who you will need help from and 

when. Let him know what you are doing 
before you really need him. Let him know 
what your key problems and constraints are. 
Remember, he may save you a lot of lost 
time and problems because of his expe- 
rience and specialized know-how. Two (or 
more) heads are usually (not just often) 
better than one. 

3. Maintain good communication networks 
with those above as well as below you. 
Experienced managers and engineers often 
fail to explain what they really need from 
others and to define what constraints apply 
to their associates’ work. As a result, people 
go off in many different directions and much 
effort and time are wasted. To avoid such 
problems, document clearly and completely 
what your boss wants you to accomplish and 
what you want from others working for or 
with you. Ensure that everybody correctly 
understands what has been written. 

4. Keep complete, accurate (and _ readable) 
reports, notebooks and records. They are 
very important. Without them, modern in- 
dustry would literally come to a stop. 


Improve your human relations skills 


This section is not intended to be an insult to 
your intelligence! Rather, it is included because 
the ability to work well with people and to get 
them to cooperate with you is a critical part of 
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with “those 


above you as well as below you.” 


being an effective engineer. Very often, the 
brilliant student turns out to be a mediocre 
engineer because he doesn’t know how to treat 
people, to win their respect, and to focus efforts 
into the right channels. Does this mean that to be 
effective you have to agree with everyone or that 
you have to be liked by everyone? Certainly not. 
It just means that you must be able to interface 
well on a personal level. 

How do you improve human relation skills? 
Although reading text books on human psycholo- 
gy may help, reading good books, such as ‘‘War 
and Peace,”’ can enhance an engineer’s under- 
standing of other people’s feelings, needs, fears 
and problems. The object: to develop a sensi- 
tivity to, and an empathy for, coworkers. 


Here are some additional guidelines to follow if 
you want to improve your human relations skills. 
1. Be aware that the other person has feelings, 
needs, insecurities and problems just as you 

do. 

2. Account for differences—culture, education, 
experience and physical characteristics. | 

3. Don’t mistake your specialized knowledge 
for overall superiority. An associate who 
knows less about microwaves but knows 
more about audio electronics, human rela- 
tions, business or management may well be 
superior in his own right. 

4. Present criticism only when it is warranted, 
and then be careful to do so constructively 
and unemotionally. When possible, balance 
criticism with praise. 

5. Be polite and considerate. ‘Thank you” and 
‘‘olease’’ help maintain good human rela- 
tions. The little things in life are important. 

6. Be fair, impartial and honest. Personal 
integrity breeds respect. 

7. Give people credit when they deserve it. 
Positive reinforcement is generally more 
effective than criticism. 

8. When in doubt, apply the “Golden Rule.” 


There’s no substitute for hard work 


Hard work is another quality of an effective 
engineer. This means hard work both on the job 
and at home. Rare is the engineer who can be 
effective at work without some self-study and 
home work. Electronic technology changes so 
constantly and rapidly, and the body of knowl- 
edge it encompasses is so great, that it is vital to 
keep acquiring knowledge. Read trade journals, 


text books and professional books. Attend semi- 


nars, join technical societies and take post- 
graduate courses. But remember, just a light 
reading of journals, magazines and books will not 
suffice. Instead, hard study and a concentrated 
effort to learn are needed. 

A systematic method of collecting and analyz- 
ing new information is the best study procedure 
for most people. | recommend that each im- 
portant article or fact be properly identified (in 
case it is necessary to go back to the original 
magazine or book) and inserted in a well- 
organized notebook. All information in_ this 
notebook should then be periodically reviewed 
and studied. While everything can’t be memor- 
ized, important facts ingrained in your mind are 
more readily applied to work and can help make 
you more efficient. 


Never take anything for granted 


This should be a cardinal rule for the effective 
engineer. | don’t mean you have to do everything 
yourself—only that when you ask someone to do 
something by a certain date, don’t wait till then to 
find out how it’s going. It may not be going at all! 

Failure of others to respond to your request for 
help isn’t usually due to laziness. People often 
have many things to do. They may interpret from 
your manner that your task isn’t urgent and 
therefore work on projects that seem more 
pressing. Of course, you can’t solve the problem 
by telling people that everything you need is hot. 
But if you specify a date for completion of your 
work and give them a fair amount of time to do it, 
then you have a legitimate gripe when they aren't 


on schedule. Unfortunately, even when some- 
thing is hot, people may not respond unless you 
follow-up on it. Whenever possible, do your own 
leg-work. Personal contact has many, many 
benefits. 

For example, | recently had a critical engineer- 
ing order to release before some expensive 
equipment could be shipped to a customer. | 
notified the first person in the processing loop 
that the order had to be released that same day. 
However, in following it up, | found that each 
person | contacted about pushing this order 
through failed to emphasize its urgency to the 


next person in the loop. The result? The proces- 
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sing floundered until | personally explained to 
each individual the reason why the immediate 
release was important. 

Such problems occur all the time in industry. 
Every reader could cite some excellent examples, 
I’m sure. Even managers and engineers who 
should know better fail to follow-up on work 
assigned to others. Consequences range from 
minor inconveniences to expensive delays. But 
the effective engineer avoids them by anticipating 
possible problems and “‘‘heading them off at the 
pass.” 


Use configuration management 


Another approach to effective engineering is 
configuration management.” This relatively new 
discipline involves a systematic approach to 
ensure that a product meets its specifications or 
requirements and is adequately documented. 
Isn’t this an obvious and natural byproduct of the 
engineer’s efforts? Unfortunately, the answer is 
no. | 

A good typical example of an all-too-familiar 
situation occurred when a large company was in 
the throes of developing the first model of a 
sophisticated electromechanical system. Manage- 
ment and customer pressure was intense to get 
the system working so production could begin. 
Engineering, working feverishly to obtain the 
required performance, made on-the-spot design 
and hardware changes. Finally, success was 
achieved. The customer accepted the first system 
as meeting his needs. But, all was not well. In the 
haste to get the system working, few engineers 
documented all the changes made. As a result, 
thousands of man-hours were wasted trying to 
correct the documentation by carefully examining 
the hardware for discrepancies. 

Effective engineers recognize their vulnerability 
under such conditions of stress. They insist that 
special precautions be taken to protect them- 
selves and the company. What could they have 
done in this case? One solution would have been 
to ask for assistants to record and identify the 
exact nature of all changes made. Such extra help 
would not have been an extra overhead burden. 
Quite the contrary, it would have saved much 
time and money and simultaneously avoided 
considerable customer dissatisfaction. 

Configuration problems are not limited to large 
systems. Control can also be lost with small units. 
For example, at a small company, a technician was 
making simple on-the-spot corrective changes to 
hardware without telling anyone. As new units 
were continuously built with the same problem, 
this technician had to shorten a metal bracket 
over and over again because hundreds of the 
wrong-size brackets were ordered using the 
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uncorrected drawing. Had the technician told the 
responsible engineer earlier, the drawing could 
have been changed, the right brackets ordered, 
and unnecessary costs and delays avoided. 





“Configuration problems are not limited to large systems. 
Control can also be lost with small units.”” 


Such experiences led to the development of 
configuration management, which consists of 
four basic parts (Fig. 1): 

1. Identification of the design on paper (draw- 
ings, parts lists, test procedures, specifica- 
tions, etc.). 

2. Control of changes to officially-approved 
documents. 

3. Keeping records of changes to approved 
documents and their implementation in 
delivered hardware. 

4. Verification of change incorporation into 
hardware. 

Perhaps one of the most important activities in 
configuration management is evaluation of the 
impact of a change. Even minor modifications to a 
design released to production can ramify until a 
whole program is jeopardized. For example, 
suppose an engineer finds, after he has released a 
drawing, that a new component will do a better 
job or eliminate several other expensive parts in 
his design. From a technical viewpoint, if he 
changes his drawing he is probably perfectly 
correct. But, on the other hand, it is quite 
possible that his actions could produce disas- 
trous results such as these: 

1. The new parts, while advertised as available 
in one month, actually arrive at the plant 
three months after they were ordered. 

2. Because the new part was just developed by 
the supplier, a high number of defective 
parts are found, so QC returns the entire lot 
to the supplier. Additional work and more 
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delays are created. 

3. Later, after installation, parts which were 
apparently good fail to perform properly 
after assembly and checkout of the system. 
Additional costly delays thus occur. 

4. When the company fails to deliver on time, a 
daily penalty is incurred until shipment is 
made. Profits plummet. 

The effective engineer recognizes and fully 
evaluates all ramifications of all the design 
changes he makes. He considers all areas likely to 
be affected by a change, including test and 
training equipment, manuals, spare parts, gages 
and fixtures, and procedures. Moreover, he 
disciplines himself to communicate with ap- 
propriate parties whenever a change may even 
remotely affect another product or another 
schedule, even if this means setting up or 
participating in a change review board. He 
recognizes his responsibilities and fulfills his 
obligations. 


Putting it all together 


Just the fact that you read this article to this 
point proves that you have at least some of the 
basic traits of an effective engineer. If you now 
follow through, by applying the principles which 
have been discussed, you will find that the 
benefits far exceed the efforts required. | wish 
you well. 0 
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If Instruments 
were Animals. 
We'd Be 

The Zoo. 


In the menagerie of technical equipment, it’s 

a jungle out there... Buying, storing and 
repairing costly instruments can eat through 
your economy when you only need them 
occasionally. Stalk the hard-to-find 
Oscilloscope, the elusive Volt Meter, whatever 
specific instrument you need, 
QUICK*RENT’EM from General Electric. 
We'll calibrate it to the manufacturer’s 
specs and ship it out the same day. 


We'll tailor a short-term rental 
oralong-term lease to fit 

your requirements, and you 
won't even have to reload. Just 
don’t call us Bwana. 
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**Scotchflex” 

Fiat Cable 
Connector System 
makes 50 connections 

at atime. 


‘*SCOTCHFLEX’’ IS A REGISTERED TRADEMARK OF 3M CO, 


Build assembly cost savings into your 
electronics package with “‘Scotchflex’’ flat 
cable and connectors. These fast, simple 
systems make simultaneous multiple 
connections in seconds without stripping or 
soldering. Equipment investment is minimal; 
there’s no need for special training. The 
inexpensive assembly press, shown above, 
Ccrimps connections tightly, operates 

easily and assures error free wiring. 


Reliability is built in, too, with ‘‘“Scotchflex’’ 





“Scotchflex” offers you design freedom, 

with a wide choice of cable and connectors. 
From off-the-shelf stock you can choose: 

14 to 50-conductor cables. Connectors to 
interface with standard DIP sockets, wrap posts 
on standard grid patterns, printed circuit boards. 
Headers for de-pluggable connection between 
cable jumpers and PCB. Custom assemblies 

are also available on request. 


For more information, write Dept. EAH-1, 
3M Center, St. Paul, Minn. 55101. 





interconnects. Inside of Connector bodies, ¢& 99 
unique U-contacts strip through flat cable scotchflex.’ Your 
insulation, grip each conductor for systems approach 
dependable gas-tight connections. to circuitry. COMPANY 
Circle No. 38 
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Designers’ Roundtable 


Low-power logic: How low 
do users want it to go—Part 2 


Designers discuss their uses of low-power logic, and detail what 


they’d like to see in the future. 


EDN’s latest Roundtable brought together six 
designers from both IC manufacturing and user 
companies. The comments of the IC designers 
were presented in the May 20th issue of EDN, and 
here are the comments from IC users. 


Ultra-low not needed for calculators 


Speaking first was Tom Whitney of Hewlett- 
Packard: 

“1 think the question facing the system design- 
er is how much low power do you really need. 
This involves examining your product goals very 
critically because it is an important decision to be 
fixed. 

“In the HP-35 and in pocket calculators in 
general, the design proceeds ina reverse order in 
some ways. The question for us on power was set 
by the size of the product which we wished to 
obtain. 

“As the story goes, the size of the HP-35 was set 
by Bill Hewlett’s shirt pocket, which we decided 
was standard size. We had to fit the HP-35 into 
that shirt pocket. With that volume constraint, we 
then proceeded to select the battery that we had 
room for. We picked three double-A size nickel- 
cadmium batteries at about 500 mA hours of 
energy each. This then set the amount of energy 
which we had available to us. The question now 
was: Is it possible to implement the product with 
this amount of available power? 

“Another parameter which had to be selected 
was the operating time of the calculator, and we 
decided upon four hours. We thought that this 
would provide a standard working day for a 
typical person with a conservative specification. | 
think if you turn the calculator off when you're 
not actually using it, the four hours are a good 
average. 

“Working backwards from this, we knew the 
algorithms that we had to implement. We started 
“@ Circle No. 71 


with our system design and specified a 200 kHz 
clock rate in order to be able to execute the 
algorithms in less than one second, which was a 
time constraint. At this point we had finished the 
system design and had, basically, a3-chip system. 

“We went out to a variety of vendors asking for 
quotations on building this system. We did not 
specify which process the vendor was to use in 
making this quotation, rather we provided the 
voltage specifications, +6 and —12 supply volt- 
ages, the 200 kHz clock rate and the 3-chip 
system. We received data on seven quotes which 
we solicited. 


“Essentially, four of the quotations were valid; 


that is, from people who felt that they could meet 
our specifications. This was in the spring of 1971. 
One of those four proposed CMOS implementa- 
tion and the others proposed various forms of 
PMOS. We selected two vendors, both of whom 
used ion-implanted PMOS. We did not select the 
CMOS process which, as it turns out, was sort of 
an overkill in terms of power. 

“We felt that four hours operating time was 
adequate. We didn’t really need eight hours, and 
the cost would have been greater. The circuits 
would have been larger at that time to implement 
the same system using CMOS, so we selected the 
two vendors using ion-implanted PMOS. The 
power specification on the circuit we had se- 
lected was set at 200 mW. In both cases, the 
vendors provided parts which were better than 
our requirements. 

“We found the circuits consumed 100 to 150 
mW, so | guess what I’m saying Is that for our 
requirements PMOS was an adequate imple- 
mentation. Since that time, we have come out 
with additional products which are more complex 
than the HP-35 and in which we needed addition- 
al read-only-memory. In most cases we wished 
we had additional operating speed in the system. 
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Participants in the 
EDN Designers’ Roundtable 
on Low-power logic 


Tom Whitney 
Hewlett-Packard 


This comes about because the algorithms now 
being implemented in some of our newer calcu- 
lators are very complex. For instance, on the 
HP-80 calculator when we solved for the interest 
rate in a financial type problem, interest appears 
implicitly in the equation. That is, you have to do 
a recursive procedure to solve for the interest 
rate. And essentially it’s a trial and error solution 
which you iterate many, many times. 

“Our product is a hand-held calculator and, 
therefore, involves a human interface. We gener- 
ally assume with human interface type systems 
that speed is not a problem, but this is changing 
in terms of the complexity of the type of problems 
that we’re solving. And we wish now that we had 
a faster processor. 

“The increased sophistication comes from ad- 
ditional use of ROM. What we require are 
techniques for implementing ROM with very little 
power, and what we have done now is gone back 
and designed a new ROM circuit which has 4x 
the bits of our original ROM and only takes about 
twice the power. Therefore, we are able to 
increase the ROM in our products without a 
Proportional increase in power requirements. 
The HP-45 calculator is much more complex than 
the HP-35. However, we still specify the same 
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Dick Bader 
Integrated Microsystems 


Bill Furlow 
EDN Magazine 





Dick Hall 
Systron Donner 


four hours of operating time, with the same 
batteries. That’s because the power consumed by 
the ROM is such a small part of the total power 
consumption of the calculator. 

“What do we see as our requirements for the 
future? As | mentioned, even for hand-held 
calculators we’re going to require higher operat- 
ing speeds. In fact, | think we would like to see a 
higher clock rate. Instead of 200 kHz, we’d like a 
clock rate on the order of 1 MHz. 

“We are going to continue to require higher 
densities in our circuits. Hopefully, lower power 
requirements will be seen, although this is not 
the overriding factor. As we said, we feel that four 
hours of operating time is adequate for this type 
of calculator. Our customers have not com- 
plained about it. If they do, we’ve designed a 
battery holder in which you can remotely charge 
your nickel cadmium batteries. The batteries can 
be taken out of the calculator so that you don’t 
have to tie up your calculator recharging it. This 
has been a very popular solution to the problem 
of operating time. You can always carry an extra 
battery pack with you. 

‘The other area that is going to be a require- 
ment is lower power circuits for our display 
drivers. We had some very novel design techni- 
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ques which were done within Hewlett-Packard to 
give us very low-power LED drivers. 


“Drivers for the dis- 
play are a significant 
part of the power con- 
sumption. We’d like to 
see an IC vendor come 
up with some lower 
power display driver 
techniques which we 
could use. 


“Or we may have to work on them ourselves. 
There’s a lot of talk about the power consumption 
of the display itself, but there ought to be more 
concern about power consumption of the drivers 
for the display.” 





Wanted: Low-cost LCD drivers 


Next, Dick Bader of Integrated Microsystems, 
Inc. discussed the problems of electronic watch 
designs: 

“Our company was formed about 2-1/2 years 
ago and one of the purposes of it was to take a 
look at what’s happening in the packaging of 
high-technology semiconductor-oriented pro- 
ducts—products that have very high semicon- 
ductor content. We gravitated toward watches 
very quickly because they form a particularly 
unique set of conditions which are very challeng- 
ing to the semiconductor industry. Among the 
conditions that are most challenging are size, 
weight and power dissipation. When we looked 
at it, we got involved in great depth with a major 
watch manufacturer, and together over the last 
year or so we have been coming up with various 
new designs, some of which are on the market 
today. 

“Our first movement into the area was to use 
the semiconductor technology that was available 
at that time, along with present dial displays. We 
used a synchronized motor and crystal and a very 
crude CMOS device. Since that time a number of 
things have developed. 

‘‘The watches that are on the market today have 
some major constraints, and | believe those 
constraints have to do with size. It all centers 
around two elements within the watch; that is, 
the crystal and the battery. Both of these things 
dictate power dissipation of the watch circuit, and 
consequently the design. Typically we’re talking 
about batteries that are as high as 0.19 and 0.21 
inches. Obviously we’ve got to get the batteries 
down in size, or that’s a very, very thick wrist 
watch. 


“The other major problem is the crystal. Right 
now we’ve standardized it as a result of looking at 
the speed/power relationship of CMOS on 32 
kHz, which has been pointed out in the past. As 
you increase the frequency, you increase the 
power (we’re working with 11 pA units for 
batteries). Of course, one of the major con- 
straints is that the battery lasts only for a period of 
one year. So we find that with our present 
constraints on CMOS, on batteries and on 
displays, which are another major problem of 
high power dissipation, we’re talking about liquid 
crystal displays. There you’ve got as much as 
about 5x10°Q/centimeter/segment. On the LED 
displays, even if you multiplex with a 16% duty 
cycle, you’re talking about kinds of power that 
you just can’t stand unless you interrogate. 

‘‘Therefore,what we arelooking for in the future 
is lower cost CMOS. To drive liquid crystals for 
example, we talk about having a dc converter in 
the watch capable of moving the voltage up to 
12V so that we can drive the LCD. We're talking 
about a very, very large chip with a lot of real 
estate, low yields and high costs. Our objective is 
to be able to sell our liquid-crystal watch in the 
$30 range, which means that we have to build it 
for about $4 or $5. Today, that is physically 
impossible. And so, we’re looking for some new 
advances in technology. 

“We're looking at SOS to see whether or not 
that’s going to buy us anything in power. We're 
looking for new advances in batteries. And we’re 
looking for higher packing densities and higher 
frequencies so that cost and size of the crystal 
comes down without having to pay a penalty for 
power. 

‘I think those are the challenges for the watch 
industry. And in my estimation, the watch indus- 
try is one of the most interesting and fastest 
growing areas in the new applications for semi - 
conductor devices.” 


High speed desired over low power 


Dick Hall is chief engineer of instruments at 
Systron Donner. His product areas include fre- 
quency counters and digital voltmeters. 

Dick discussed his reasons for not using 
low-power logic: “As an instrument manufac- 
turer, Our interest is primarily to use one of the 
highest technologies for the lowest cost. Cost has 
been the bind that we find ourselves in with this 
very tempting carrot called low-power logic. 

‘Back in the early fifties the instrumentation 
industry was built on MIL-type vacuum tubes. 
Along came the transistor, and devices then used 
were out of the computer industry. The 2N404, a 
marvelous device, produced a lot of instruments. 
Then someone produced the integrated circuit, 
and again the industry was oriented around 
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computer-type devices. Presently we're still 
oriented around the computer IC’s, although a lot 
of entertainment devices are finding their way 
into our test instruments. 

“Low power in general test equipment today is 
not really a requirement. Our instruments are still 
bench operated, but field applications are be- 
coming more important to us. But again we are 
still operating on a 4- to 8-hour battery life. 

‘“‘The paradox we found ourselves in with MOS 
devices is that all the advantages of high complex- 
ity can be obtained, plus high density and low 
power. All, however, are overshadowed by some- 
thing called competition. | 

‘The extremely high cost of developing propri- 
etary chips is limiting us. In the area of test 
instruments, the number of units sold per year 
will never approach that of a watch. Therefore, 
we are a special market. The test instrument 
market has not yet, | feel, been explored. At 
present we’re very selectively replacing 7400 TTL 
with equivalent CMOS devices. But, again very 
selectively, we’re beginning to implement MOS- 
type elements. We’re using some Mostek, Na- 
tional and TI devices. Again, though, cost is the 
objective. Liquid-crystal readouts or something 
along that line will certainly find their way into 
test instruments. But | think that’s a 5- or 10-year 
type projection. 

‘“‘In the meantime, we can wait for IC makers to 
get development costs down to a level where at 
least the existing elements and low power ele- 
ments have crossed on the cost curve. We would 
certainly enjoy a means of developing proprietary 
circuits. But we wonder if their manufacturers 
have really done their homework in allowing us to 
come to them for proprietary circuits at a 
reasonable cost and low quantity. They can’t 
really do it our way and we can’t afford to do it 
their way. The question we might ask of IC 
manufacturers would be how do you propose to 
serve us if you intend to service the test 
equipment market? These are not the watches 
and hand-held calculators; these are the 20- and 
30-GHz frequency meters. The need is there; 
certainly, the desire to use the parts is there, but 


“Our units do have a 
need for high-power, 
high-speed devices, 
not in the 1 MHz area 
but in the 10’s and 100’s 
of MHz. I don’t know 
whether the “state-of- 
the-art’’ will ever 
achieve that. 
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we're somewhat restricted today. 

“In summary then, we at Systron Donner are 
using low-power devices very selectively and very 
carefully on a cost-competitive basis.” 


Questions and answers 


Next came questions from the audience: 

Q: “Tom Whitney, you advised that low-power 
ROM’s are now being used in new calculator 
designs. Please describe this low-power 
ROM. Who is the supplier? Is it an “in-house”’ 
H-P product? What process is employed? 
What is the ROM size? What power supply 
voltages are employed and what is maximum 
power dissipation and maximum access 
time?” 

A: “I'll answer some, then maybe I’Il just give 
you my calculator and you can take it apart. 

“The ROM size is 1024 words by 10 bits/ 
word,so it’s essentially a 10,000-bit read-only 
memory. We are presently getting parts from 
Mostek and American Microsystems. We 
have a development contract with National 
Semiconductor, which is not yet completed, 
but we will soon be receiving prototype parts. 
The supply voltages are the same as the rest of 
our calculator which is +6 and —12V. Power 
consumption of the part is specified to be less 
than 20 mW and the parts we have seen from 
the two vendors are between 10 and 20 mW. 
The HP-45, and the HP-46 calculator, which is 
desk top version of the 45, now use this part. 
It will soon be replacing the hybrid circuit 
which we are now using in the HP-80 
calculator. 

“In the HP-80 calculator we had to go to 
seven of the smaller ROM circuits. To do this 
in the same package size, we had to go toa 
multi-chip package, and we found that was a 
relatively expensive solution. 

“Access time is not a problem with the kind 
of architecture that we’re using in our calcu- 
lator, where the basic clock rate is 200 kHz. 
But we operate on a word-serial basis, and 
each word has 56 bits in it. We essentially only 
have to make one access to this ROM per 
word time. There is a brief discussion of the 
architecture of the HP-35 calculator in the 
June, 1972 issue of the H-P Journal, and that’s 
as much as we’ve said about the architecture 
and probably as much as we will say for 
awhile.”’ 

Q: “Tom Whitney, why four hours operating 
time for the H-P calculators? Could you give 
me some more background and detail and 
can you give the power consumption in 
percentages used for logic and displays?”’ 

A: “The selection of four hours was somewhat 
arbitrary. | guess you have to start somewhere 
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in picking what your design specifications are 
going to be. Looking at how a typical portable 
calculator might be used (in the field where 
the portability and battery operation is im- 
portant), we felt that four hours of operating 
time would take care of the person for his full 
day. He can then come back and, overnight, 
recharge his batteries and have his calculator 
available for the following day. It’s sort of a 
complete cycle. As | said, we have had over 
1-1/2 years of customer response to integrate 
and to look at. We receive very few calls or 
letters regarding a longer operating time. 

‘The way it turns out, the MOS processor is 
approximately 25% of the power consump- 
tion. The LED display, of course, is a function 
of how many digits you're lighting up, but 
let’s say on the average it runs about 25% of 
the power. Drivers for the display represent 
approximately 25% of the power consump- 
tion, the remaining 25% are taken by the 
clock driver and power supply. 

“We have about an 85% efficient power 
supply, so we lose about 15% of our power 
trying to get the +6 and —12V off a 3.75V 
battery supply. 

“That’s a rough measure of where the 

power goes.” 
: “Dick Hall, do you feel that the energy crisis 
will force manufacturers of electronic equip- 
ment into considering low-power devices? 
What if the day comes that you can’t stick it 
into the wall and get everything you need?” 
“I think before we get to that point we’ll be 
turning our lights off in the building, because 
the instrument power is a small percentage of 
the total power within any industry. 

“No, | don’t think the energy crisis will do 

it. | think size and performance will be more 
the push toward getting us to lower power 
devices because we can get more in the same 
size box.” 
: “Tom Whitney, when do you expect to see 
serious competition for your type calculator?” 
“About a year ago! We’ve been surprised, 
very surprised. 

“We thought perhaps we.would have about 
a 9-month competitive advantage in the area 
of our products. | think some of our competi- 
tion is finding that it’s more difficult to build a 
scientific calculator than you might imagine. 

“It's not the same kind of a product as a 
4-function calculator. It’s much more com- 
plex—you need a different kind of architec- 
ture and a different kind of processor. You 
have much greater difficulty checking out 
your algorithms. We’ve been in the scientific 
calculator business since 1967 and we even 


found some problems with our algorithms, as 
you probably know. So there’s a different 
kind of marketing that’s required. 

“But to answer the question of when do | 
think—certainly soon. There will be the 
Rockwell chip. You can go down to Anaheim, 
buy a scientific calculator chip, put a key- 
board and display with it, and you can be in 
the scientific calculator business. It’s going to 
be more like the 4-function business in the 
future. | think in the next year we’ll be seeing 
quite a bit more. | think we’ve shown that 
there’s a bigger market out there than most 
people imagined.” 

Q: “Dick Bader, you mentioned that some of the 
CMOS watch circuits that you first used were 
“crude.” | was wondering if you could 
elaborate on that?” 

A: “Crude in the sense that the amount of 
function that was in the CMOS circuit in the 
early days was relatively small compared to 
the cost of that circuit. The modern circuits 
we’ve been using are custom developed, and 
on those circuits the chips are very much 
larger. Costs are higher and you get things 
like the oscillator amplifier on the chip now. 
And you get most of the decoding for your 
readouts on the chip itself. You find that the 
only thing left that you’ve got to put on the 
outside is the dc/dc converter, the capacitors 
and the crystal, so it’s getting much better. 
But the cost isn’t. 


“Cost is the key 
thing. There are 
two areas where we 
need help: First, 
packing density 
should be in- 
creased; and, sec- 
ond, the cost is 
still too high.” 


Q: “Dick Bader, what must the circuit and 
display cost be in the ’74-’76 period to meet 
your $30 objective?”’ 

A: “That really narrows down to what the cost of 
the chip needs to be. | think the mark-up in 
the consumer area is unreal compared with 
what we’re used to in the OEM business. This 
is just a guess, but | think that in order to sell 
the watch for $30, the cost to produce the 
entire watch has to to be $5 to $8. If it’s 
anything higher than that, then | don’t think 
you can achieve the $30 retail price.” O 
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Burndy Hylok’ 
pin and socket connectors 
and installation tools offer 
highest reliability 
at lowest installed cost. 


System Engineering. 


That’s what makes the Burndy Hylok® 
pin and socket connector system perform 
at the lowest installed cost. Our contacts 
are specifically designed to be terminated 
in Our rugged, automatic tooling and in- 
Stalled reliably and easily in our connector 
housings. It’s a system that’s designed to 
work together to give you trouble-free and 
faster assembled connectors. The result is 
lower installed cost because assembly is 
faster and easier at every step. 


The Housings. 


They’re available in either panel mount- 
able or free hanging styles and are made 
Of tough flexible nylon. The housings 
have positive polarizing keys to eliminate 





mis-mating. Low profile mounting ears 
make Hylok® fast and easy to install, and 
resilient take-up springs hold the housing 
Securely over a wide range of panel thick- 
nesses. Hylok® housings are available in 
2,3,4,6,9,12 and 15 positions to cover 
virtually every application. 


The Contacts. 


Burndy Hylok® contacts feature a 
three point stabilizer and three positive 





forward stops. The result is an accurate, 
precise contact ‘“‘float,’ so mating is 
always fast, easy and smooth. Never a 
contact out of alignment. Our contacts 






cover the full range of wire sizes. Number 
24 to 16 AWG and .040” to .130” insulation 
diameter. They also feature serrated wire 
barrels to break up surface oxides and a 
stepped insulation barrel to keep the con- 
ductors in perfect alignment with the 
contacts. 


The Tooling. 


There’s a complete line of Burndy in- 
Stallation tooling to match every produc- 
tion requirement. The Burndy UTM 
Universal Terminating Machine is a 
rugged 5-ton bench press that delivers 
the quietest, most consistently reliable 
crimps in the business. For larger runs, 
choose the Burndy automatic wire pro- 
cessing machines ADET or ASET that cut 
the leads to length, mark them, strip them 
to length and terminate one or both ends. 
All at speeds up to 4,000 leads per hour! 
Burndy installation tooling is as versatile 
as it is fast. Both pin and socket contacts 
are terminated in the same mechanisms 
to reduce change-over time and all 





machines feature easy-to-set dial adjust- 
ments for wire size and insulation size. 


Compatibility. 


Burndy Hylok® pin and socket con- 
nectors are intermateable and inter- 
changeable with other standard pin and 
socket connectors. 

‘It all adds up to the finest system of 
pin and socket connectors ever made. A 
system that can’t be beat for dependabil- 
ity and total value. For more information 
on Burndy Hylok® pin and socket con- 
nectors, write Burndy Corporation, Nor- 
walk, Connecticut 06856. And see why you 
can't beat our system. 


BURNDY 


Offices in principal cities throughout the United States. 
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Comparator is part of its own measuring system 





E. S. Papanicolaou, 

National Semiconductor, Santa Clara, CA 
cS ae ree ee ee ee 
One common method of measuring comparator 
thresholds is to use a Programmable power 
supply as the voltage source. But the difficulty 
with this procedure is that noise spikes in the 
supply switches may trip the comparator prema- 
turely. The system presented here is a simpler, 
more convenient way of measuring the upper and 
lower thre.’icIds of a comparator with 10% 
hysteresis. ii is particularly interesting because 
the comparator itself becomes part of the mea- 
suring system. 

The circuit shown is for a noninverting com- 
Parator. Switches S, and S, are momentary types 
that do not close simultaneously. With Capacitor 

1 discharged, relay L, is energized. Closing S, 
allows C, to charge towards Vcc. When the 
comparator upper threshold is reached, the relay 
drops out, interrupting the “capacitor charge”’ 
cycle. Similarly, closure of S, starts a “capacitor 
discharge’ cycle which stops when the lower 
threshold is reached. 

At the end of both cycles, upper and lower 
thresholds can be read with the DVM. Voltage 
follower A, buffers the Capacitor voltage. If the 


Upper and lower thresholds are read on the DVM at the end of 
Capacitor charge and discharge cycles initiated by switches S, 
and Ss. Circuit shown is for a noninverting comparator; 
reverse the relay connections if an inverting type is tested. 





comparator is an inverting type, the relay contact 
connections should be interchanged. 

Best system accuracy is achieved with long R,C, 
time constants (~400 msec) and short relay 
operate times (~300 usec). O 
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Variable-frequency oscillator features low distortion 


Or ad ee 


Richard Gunderson 
ADC Telecommunications, Minneapolis, MN. 


NaS er ee ee 


A relatively low-cost means of implementing a 
variable-frequency sine wave oscillator js to use 
an Intersil 8038. There is an inherent problem 
with this device, however. It is difficult to 
maintain low distortion while adjusting a single 
biasing resistor for any given frequency within a 
relatively wide frequency range. The solution is to 
use a fixed biasing network and to adjust the 
frequency with a circuit simulating a variable 
Capacitor. 

Op amps As, A; and A, and their related 
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components form the capacitor simulator. Ad- 
justing potentiometer R, varies the equivalent 
Capacitor value from approximately 500 pF to 0.01 
KF, a variation of 20:1. For the component values 
shown, the output frequency range is 175 to 3500 
Hz. This range can be extended by adjusting the 
value of R, and R:, based on the expression: 


Ci(R3 + Rg) 
Rs 


Coq = 





To achieve minimum distortion, Roz, is chosen 
for 50% duty cycle at A,, pin 9. R, and R, are 
adjusted for minimum distortion, due to the 
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nation’s largest and most complete 
slectronics show and convention this 
‘ear opens in Los Angeles on September 
0. And of course, you're invited. 


‘his 23rd annual Wescon is a super week 
n an exceptional electronics year. There 
are 54,000 net square feet of product 
jJemonstrations by 300 electronics pro- 
jucers — that’s a full house, literally. 


The 540 exhibits are grouped in four 
product/system categories on one beau- 
tiful carpeted and air-conditioned floor 
of the Los Angeles Convention Center, 
and will be open for hands-on demon- 
strations for four days and one evening. 


The four-day professional program is an 
escalator ride away — also in very large, 


carpeted and air-conditioned auditoriums. 


This 28-session program is both current 


Western Electronic Show and 
Convention, 3600 Wilshire 
Blvd., Los Angeles, Ca 90010 
(213) 381-2871 


Sponsors: IEEE Los Angeles 
Council and San Francisco Sec- 
tion; Electronic Representatives 
Association (Southern and 
Northern California chapters). 


WESCON! 


and choice. Four knowledgeable sessions 
on microprocessors; a full day on CCD 
applications; an expert update on medical 
electronics: a first-rate panel on uninter- 
ruptable power problems; sessions on 
component and board testing, plastic 
encapsulated circuits, management in 
periods of crisis, and taking high-technol- 
ogy products from lab to market. 


And there’s more—a keynote address by 
Donn Williams, president of Rockwell 
Electronics Operations, a Distributor- 
Manufacturer-Representative conference, 
an all-industry reception, and three Cali- 
fornia-colorful social events for visiting 
wives. 

Your share of four idea-filled days awaits 


you in Los Angeles. Registration for all 
four days of the program and show is just 


$5, payable at the door. And if you'll assist 
us in a simple questionnaire-survey at the 
show, you'll be eligible for a very special 
prize drawing. On each of Wescon’s four 
days, a drawing winner will receive an 
HP-45 hand-held calculator! 


Better plan right now to join us in Los 
Angeles. Write directly to the Wescon 
Housing Bureau, P.O. Box 3669, Los 
Angeles, CA 90054, for accommodations. 
We’re holding large blocks of rooms at the 
Regency Hyatt House, Los Angeles Hilton, 
Biltmore, Sheraton-West and Wilshire-Hyaitt. 
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triangle-to-sine-wave converter in A,. Net distor- 
tion for this overall circuit is on the order of 1% or 
less over the entire frequency range. 

Buffer amplifier A; provides a high load 
impedance to IC, and a low source impedance to 
the variable gain stage, Ag. The Output circuit can 
be modified to a single-amplifier variable-gain 
Stage if the input impedance of this network does 
not load down the output of IC,. 


Jim Simmons and Donn Soderquist, 
Precision Monolithics, Santa Clara, CA 


Matched transistor pairs have predictable rela- 
tionships that make precision temperature mea- 
surements possible. For example, the expression 
for the difference in the base emitter voltages for 
an ideal pair is: 





temperature alone. 

This concept was applied to Satisfy a require- 
ment for a temperature measurement system 
accurate from —55 to +125°C. Other goals in- 
cluded ease of calibration, long-term Stability, 
standard resistor values, small size, and the ability 
to locate the sensor up to 100 feet from the 
remainder of the circuit. Fig. 1 is the block 
diagram; Fig. 2, the complete schematic. 

Since system accuracy is directly related to the 
degree of matching of the sensing pair, Q, was 
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the ratio of the collector currents of the matched pair is 
constant. 


selected with a typical offset voltage TC of 0.15 
wV/°C. Similarly, the two most important cur- 
rent-source transistor matching characteristics 
required are hy; and long-term offset voltage 
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The cost of upgrading product 








to insist on higher levels of product performance. 
One solution is to upgrade connector reliability 
with BERYLCO® beryllium copper. 

You can design to much higher levels of reliability 
with beryllium copper because of its stable spring 
properties and very high strength. But rarely does 
simple material substitution in an old configuration 
produce an economical beryllium copper part. 






The key to low cost use of BERYLCO beryllium 
copper is to redesign to take advantage of its 
unique properties and the special forms available 
from KBI. Wider, more economical widths permit 
orienting connectors across the strip. And usually 
you can use thinner sections of beryllium copper 
than other materials such as phos bronze. 

Further savings arise from the special forms of 
BERYLCO beryllium copper available to you. 


Here the designer used BERYLCO dual gage Strip. 
Continuously milled to a dual thickness, 
connectors are oriented across the strip— 
one end thick for threading or wire 
wrapping, the other end a thin, flexible 
contact. You save on total pounds 
of material purchased as 

well as on fabrication. 


Two tips for designing with dual gage strip: 
avoid high stresses at the point where thickness 
changes; and form the part with the milled 
surface in compression. 


quality with Beryllium Copper 
connectors can be 
surprisingly low. KBI 
ean show youhow. 


The consumer has joined forces with industry 







Another 
example 

is BERYLCO 
composite strip. 
Two beryllium copper 
alloys (or beryllium copper and any 
weldable copper base alloy) are electron-beam 
welded side-by-side in continuous strip. In this 
application BERYLCO 10 provides ductility for 
easy crimping at one end of the connector, 
and at the other end, BeRYLCo 25 for its 
superior spring properties. You can 
match your design requirements a 
in one economical strip. ta | 


















Connectors oriented across 

width of BERYLCO dual 
gage strip are reliable 
and economical. 


BERYLCO 10 


Although the heat-affected zone is usually less 
than .050 inch wide, permitting sharp bends 
anywhere in the strip, the best designs avoid high 
stress in the weld area. KBI provides a complete 
a, engineering advisory staff 
to assist you in materials 
selection and special 
application problems. 
We’re ready to help 
-when you need us. 
\ Meanwhile, why not 















\ booklet? It’s packed 
F \ with connector 
> design ideas, 

wn = comparative data an d 
information about the many 
forms of BERYLCO alloys. Just circle 
the reader service number, or contact us directly. 





me KAWECKI BERYLCO INDUSTRIES, INC. 


General Sales Office @ 220 East A2nd Street, New York, NY 10017 
Circle No. 41 
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SENSING PAIR 1 
(ATTACH WITH THERMAL EPOXY) 5 Ye 


UP TO 100 FEET 
SHIELDED PAIR CABLE 








ee 
SOURCES 
180k 
R. 
50k RATIO 
R, ADJUST 
—15VO 
R,, R,, R5, R,: 0.01%, GENERAL RESISTANCE 
ECONISTOR 
AA : 0.1%, GENERAL RESISTANCE ECONISTOR 
RR, : 10%, BOURNS TYPE 3006P ~ 
A, PR, - 1%, TYPE RNS55C 












100k 
Ra 
@ 
E,= 10mv/°K 
‘ U Ra 
i = (5.973 X 10° °)( A+ 1 T 
{ 3 
mono OP—IOCY , 
—_— wee ier ew ee ew ee ee ewe i ee ae =e =e eS | 
2 1 
—15V O-15V 





DIFFERENTIAL 
AMPLIFIER 


CALIBRATION PROCEDURE 


1. SHORT THE DIFFERENTIAL 

AMPLIFIER (CONNECT ATO 8B). ADJUST - 
OFFSET POTENTIOMETER FOR OV OUTPUT. 
REMOVE THE INPUT SHORT 


2. WITH SENSING PAIR AT KNOWN 
TEMPERATURE (e.a. ROOM TEMP.), ADJUST 
RATIO POTENTIOMETER FOR CORRECT 
OUTPUT READING. 


Fig. 2—Accuracy is +1°K over—55 to+125°C, yet parts cost is less than $35. Other circuit features include easy calibration at room 
temperature, standard resistor values, small size and excellent long-term stability. 


When the differential amplifier is considered, 
important parameters are common mode rejec- 
tion (CMR) and the difference between the input 
offset voltages of the two op amps. CMR is most 
critical at low temperatures. At —55°C, AVz, is 
only 13 mV, yet the common mode voltage is 696 
mV. (Keep in mind that this is a best case and 
disregards any extraneous cable pickup.) Obvi- 
ously, the requirement for high CMR is very real. 
However, because the dual op amp specified has 
a 117 dB CMR match, no special op amp selection 
is required and the ability to reject common 
mode inputs becomes primarily a function of 
resistor ratio matching. 

Resistor selections can be avoided by using 
readily available 0.01% tolerance precision resis- 
tors, resulting in a worst-case ratio match of 
0.04%. This ratio match, in combination with the 
dual op amp’s performance, results in greater 
than 100 dB common mode rejection at the 
amplifier’s input. 


Long-term stability of the resistors must ap- 
proach the initial ratio match, or degradation of 
common mode rejection can occur over time. 
The resistors chosen are specified at +50 ppm/ 
3 years and +5 ppm/°C, thereby assuring stability 
versus time and temperature. 

Calibration is an easy 2-step procedure (Fig. 2), 
and can be accomplished at room temperature. 
Once calibrated, this circuit, with components as 
specified, is capable of +1°K accuracy over the 
full military temperature range. Yet total parts 
count, based on 100-pc prices, is less than $35. 

Optimum accuracy is obtained with the differ- 
ential amplifier and constant-current sources ina 
controlled environment remote from the sensing 
pair. Accuracy is maintained over long periods of 
time due to the stable components specified. O 
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Variable voltage power supply uses minimum components 





Lewis Drake, 
Industrial Nucleonics Corp., Columbus, OH 
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The power supply circuit (Figs. 1 and 2) is 
continuously adjustable from approximately zero 
to 20V (the minimum output voltage is a function 
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KEMET Capacitors 
are the best tantalums! 


%, 
%, 


T 





hey're 


You may think we’re a major tantalum 
capacitor manufacturer. Which we are. 

But you should also realize that we're a 
major supplier of ceramic capacitors, too. 

We're in full production on a broad line of 
KEMET Stable K, NPO, and General Purpose 
dielectric, dipped, molded, CK and CKR radial 
and axial-leaded Ceramic Capacitors. 

And patented “Solder Guard” and “Gold 
Guard” Chip capacitors with a copper barrier 
layer specifically developed to end the 
leaching problems associated with solder 
reflow and thermo-compression bonding 
techniques. 

Our plant is the most modern, fully 
automated ceramic capacitor production 
facility in the industry. It’s designed to build-in 





both right. Because we make. 
the best of both. 


KEMET Capacitors. 
are the best ceramics! 








product reliability through automated handling 
and precision process control. In fact, KEMET 
Ceramics will be on the first Mars landing. 

When you need ceramic capacitors, don't 
compromise with quality, price or delivery. 
Simply specify the best —KEMET Ceramics. 

Write for complete information and 
engineering samples. 










UNION 
CARBIDE 


COMPONENTS DEPARTMENT 


P.O. Box 5928, Greenville, S.C. 29606 

Phone: (803) 963-7421 TWX: 810-287-2536 
In Europe: Union Carbide Europe, S.A. 

5, Rue Pedro-Meylan, Geneva 17, Switzerland 
Phone: 022/47 4411 Telex: 845-222-53 


KEMET is a registered trademark 
of Union Carbide Corporation 
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Fig. 1—Full-wave voltage doubler of a novel design provides 
the +39V required by the 723 regulator. 


of the leakage current in the final Pass transistor). 
A current limit feature (standard in the 723 IC) is 
included. Current limiting resistor Rec in Fig. 2 is 
chosen such that: 


Rego = 0.65/I5¢ 


where lIgc is the short circuit current desired. 


The raw dc supply shown in Fig. 1 provides two 
different outputs. This is done in order to limit 
power dissipation in the pass transistors at low 
output voltages and large load currents because a 
voltage at least 10V above the output is required 
on pins 11 and 12 for proper operation of the 723. 

C,, the 5000 pF Capacitor, was selected to 
provide a 3V ripple at 2A load current. For other 
values of load currents and output voltages, C, 
can be calculated by assuming a constant dis- 
charge current equal to the maximum load 
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Fig. 2—Bridge circuit formed by R,, R;, R, and R, prevents 
saturation of the input stage of the 723. Rg determines the 
short circuit current; R,, the output voltage. 


current. A novel full-wave voltage doubler 
formed by the diode bridge and capacitors C,, C, 
and C; supplies the 39V required by the 723. 

In Fig. 2, the bridge circuit formed by R, and R, 
in one leg, and R, and R, in the other, allows the 
potential on pins 5 and 6 to be maintained above 
3.5V as R, is changed. This prevents saturation of 
the input stage of the 723. R, is adjusted for 
minimum output voltage when R, is in the 
counter-clockwise position. This balances the 
bridge when Vour=0. The output voltage will then 
be proportional to the position of R;. O 


a 
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If there ever was a linear IC destined to 

Mm become the biggest volume commodity 

ritem since the 741, it’s Raytheon Semi- 
' | conductor's 4136 Quad Op Amp. 

) The 4136 is the only quad op amp 
that's electrically equivalent to four 741's. The only one 
that requires no design changes. And it’s even better than 
the 741. Lower input noise, better input offset voltage 
matching, wider inout common mode voltage range, 
greater gain, higher slew rate, and wider bandwidth. 

The 4136 costs 40% less than four 741’s. And that's just 
the beginning. Packaged in a standard commercial or 
military 14-pin DIP. it requires only one mechanical assembly 
step. So naturally it takes up less board space. Testing Is 
simpler too. And inventory is less of a problem. This all 
adds up to greater cost savings. 

There’s more to the big 4186 design-in number story. 

Get all the facts on quads. 


Raytheon Semiconductor 
350 Ellis Street RAYTHEON 
Mountain View, California 94042 





Send me all the facts on the 4136 Quad 
Op Amp and your other money-saving 
Linear Quads. 








Title 





Company 





Adaress 
City 
State Zip 











Name 


RAYTHEON SEMICONDUCTOR 
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ERBBE  BROPE AS 


LOW-COST, LOW-DRIFT OP AMP 
CHALLENGES CHOPPERS. Mono 
OP-07 features typ. input offset voltage 
of 10 pV,0.2 wV/°C drift (—55 to +125°C), 
and 0.2 ywV/mo. stability. No large 
external compensating or holding capa- 
citors, resistors or potentiometers are 
required. Other key specs include +14V 
CMV range, 126 dB CMRR, 2 nA Ig and 
0.6 nV p-p max. noise. Prices (100) range 
from $9.95 for the 125 wV (max E,,) 
version to $60 for the 25 pV unit. 
Precision Monolithics Inc., 1500 Space 
Park Dr., Santa Clara, CA 95050. 
Phone(408)246-9225. 239 


ECL COUNTERS OPERATE ABOVE 100 
MHz. The 10136 is a 16-state synchro- 
nous counter; the 10137, a 10-state unit. 
Both have 4 operating modes—count 
up, count down, preset and stop— 
controlled by 2 function-select inputs. 
Other features include a carry-in and 
carry-out and 4 data inputs. Manufac- 
tured in ceramic DIL packages, the 10136 
and 10137 each sell for $13.55 (100). 
Signetics, 811 E. Arques Ave., Sunnyvale, 
CA 94086. Phone(408)739-7700. 240 


INTERFACE IC’S ARE USEFUL FOR 
BUS-ORIENTED DATA SYSTEMS. There 
are 9 new TIL devices in the series, 
including 2 transceivers (8134 and 8T38), 
a receiver (8137), 2 high-speed inverters 
(8T93 and 8194) and 4 fast buffers and 
inverters with tri-state outputs (8T95- 
8198). Prices range from $1.43 to $2.04 
(100). Signetics Corp., 811 E. Arques 
Ave., Sunnyvale, CA 94086. Phone 
(408)739-7700. INQUIRE DIRECT. 


QUAD CURRENT-MODE BUS DRIVERS 
OPERATE IN 4 NSEC. Inputs of the 10192 
are compatible with all other devices in 
the ECL 10,000 series. Outputs are 16 mA 
open-collector, switched current 
sources. Complementary outputs can be 
switched to one of 3 logic states, 
providing a ‘‘party line’ capability in 
differential as well as single-ended 
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modes. Open-collector outputs can 
accept voltages ranging from +5.5 to 
—1.6V. The 16-pin DIL ceramic 10192 is 
$6.27 (100). Signetics, 811 E. Arques Ave., 
Sunnyvale, CA 94086. Phone(408)739- 
7700. INQUIRE DIRECT. 


MOS FIFO MEMORY STORES UP TO 40 
WORDS IN 9-BIT FORMAT. In this first- 
in, first-out memory (Model 3351), data 
entered at the inputs automatically 
propagates toward the output terminals 
with no clocking required. The device 
operates at data rates up to 1.5 MHz, has 
independent asynchronous inputs and 
outputs and is fully TTL compatible. It 
also can be easily expanded in width or 
length to accommodate other data 
formats. Available in a 28-pin DIL 
package, the 3351 is priced at $15.60 
(100). Fairchild Semiconductor, 464 Ellis 
St., Mt. View, CA 94042. Phone(415)962- 
3816. 241 


¥ be 4 


FOUR SILICON NPN POWER TRANSIS- 
TORS OFFERED IN 2 SERIES. The TIP63 
and TIP64 Series are high-voltage 
medium-power transistors featuring 
Vceo breakdown voltages to 350V. 
Continuous dissipation at 25°C case 
temperature is 20W. The TIP65 and TIP66 
Series are TV horizontal deflection 
transistors featuring 1200 and 1400V 
collector-emitter ratings, 1.5A collector 
currents and fast switching. Prices are 
55¢, 59¢, $1.33 and $1.53, respectively 
(100). Texas Instruments Inc., Box 5012, 
M/S 308, Dallas, TX 75222. Phone 
(214)238-3741. 242 


VHF-UHF TUNING DIODES FEATURE 
LOW LEAKAGE. SQ5461A-76A_ tuning 
diodes are identical to their counterpart 
JEDEC IN5461A-76A series except for the 
4 nA reverse current ratings at 30V. 
Otherwise, both series cover a 6.8 to 100 
pF range of capacitance values in 16 
types. Corresponding Q values for these 
glass DO-7 packaged devices range from 
600 to 250 at 4V bias and 50 MHz. Price is 
$6 (100). MSI Electronics Inc., 34-32 57th 
St., Woodside, NY 11377. Phone 
(212)672-6500. 243 








POWER TRANSISTOR DELIVERS 100W 
AT 130-175 MHZ. Type ON495 has a 
power gain of 6.4 dB and collector 
efficiency of 82% at 175 MHz. Designed 
for both mobile and _ base-station 
applications, it delivers 100W of C.W. 
power with a collector voltage of 28V. 
The jumbo stud package allows the 
ON495 to withstand wide temperature 
variations and mismatch conditions. 
Price is $45.10 (500-1k). Amperex Elec- 
tronic Corp., 230 Duffy Ave., Hicksville, 
NY 11802. Phone(516)931-6200. 244 


FASTEST 1k RAM USES LESS POWER. 
The Am9102, a 2102-type n-channel 
memory, offers access times down to 400 
nsec (Am9012B) and only 263-mW max. 
dissipation. A  500-nsec device 
(Am9102A) and a 650-nsec unit (Am9102) 
are also offered. Prices (100-up) are from 
$16.95 to $24, depending on package and 
temperature range. Advanced Micro 
Devices Inc., 901 Thompson PI., Sunny- 
vale, CA 94086. Phone(408)732-2400. 245 





IC’S PROVIDE 16-CHANNEL TV CON- 
TROL SYSTEM IN 5 PACKAGES. One 
SN76701, one SN76711 and 3 SN76702 
devices form a complete electronic 
tuning system. Features of the circuits 
include touch-tune or sequence opera- 
tion, a wide tuning range of 0 to 30V, low 
analog input-to-output offset voltage of 
+100 mV typ., and a wide clock 
frequency range of 0.1 Hz to 200 kHz. In 
100-piece quantities, price/kit is $9.50. 
Texas Instruments Inc., Box 5012, M/S 
308, Dallas TX 75222. Phone(214)238- 
3741, 246 
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IR’s new glass passivated, high voltage 
Power Transistors and Darlingtons... 


formance 





where it really counts. 


The three other largest selling high 
voltage power transistor lines of today 
offer you good characteristics. But while 
a specific device may excel in specs for 
one parameter, it may be marginal in 
other equally important characteristics. 
Not so with IR’s new high voltage power 
transistors. They easily meet or exceed 
all established specifications. Now you 
can design a better, more efficient cir- 
cuit without compromising. 


% High Voltage and High Gain 
in the same transistor. 


Most others offer you either high volt- 
age or high gain. They can’t give you 
both in the same device. We can. For 
example: rated to 700Vcx0 with an Ic 
from 7 to 10 Amps (pulse), we provide 
a gain of 30-90 at 1 Amp. 


— GLASS PASSIVATION —-—7 


/ 





* Glass Passivation for 
longer life, better stability. 


IR triple-diffused, NPN mesa struc- 
tures are the first and only high voltage 
power transistors with glass passivated 


Prove our point 


on your curve 


Get your test sample today. 


junctions. You'll get longer life and a 
stability unequalled by the other brands. 





The avalanche curve pictured shows our 
“sharp” curve and the “soft” curve of 
the others. Convincing evidence of bet- 
ter junctions that you can operate at full 
rated specs without a worry. 


¥% Lower Saturation Voltage 
for better efficiency. 


IR saturation voltage is lower than the 
others. Higher efficiency, less power loss, 
reduced power consumption and system 


operation at lower power levels are your 


new advantages. And you won’t have to 
sacrifice switching speeds or voltage 
capability. 


¥% “Stress-Relief’’ Bonding for better 
resistance to temperature cycling. 


IR’s “Stress-Relief’” bonding between 
the chip and mounting surface gives bet- 
ter protection from thermal cycling, 
gives you an extra margin of safety in 
thermal design considerations, with a 
broad safe-area that is more than ade- 
quate for any application. 






Circle No. 44 








Competitively Priced and 
Cross-Referenced to the 3 major lines. 


IR high voltage power transistors are 
available in 12 models rated from 300 to 
700Vcxs0 with an Ic from 7 to 10 Amps 
(pulse). Monolithic Darlingtons in 15 
models are rated to 600cs0 with an Ic 
from 15 to 25 Amps (pulse). All are in 
the standard TO-3 package. 


Find IR’s equivalent to the devices 
you’re now using, then ask your local IR 
salesman, Rep or Distributor for com- 
plete specs and a test evaluation sample. 
When you’ve put it to the test, we think 
you'll agree. It’s better — everywhere 
that counts. 





IR P/N Delco P/N RCA P/N | Motorola P/N 
1R401 DTS 401 MJ3026 
MJ3027 
1R402 DTS 402 MJ3028 
2N3902 MJ3030 
2N3788 
2N3902 
1R403 DTS 403 
1R409 DTS 409 
1R410 DTS 410 RCA410 MJ410 
IR411 DTS 411 RCA411 MJ411 
2N5838 MJ1800 
2N5839 MJ3029 
MJ3430 
R413 DTS 413 RCA413 MJ413 
2N5840 
1R423 DTS 423 RCA423 MJ423 
IR424 DTS 424 Pee, MJ424 
1R425 DTS 425 eee MJ425 
1R430 DTS 430 2N5239 MJ430 
2N5240 
1R431 DTS 431 RCA431 MJ431 
2N5240 2N5241 


Monolithic Power Darlingtons 
























1R4040 DTS 4040 

1R4045 DTS 4045 Ask a “ 
on IR’s 

1R4060 DTS 4060 sein Woe. 

1R4065 DTS 4065 


International 


Rectifier 





...the innovative power people 


233 KANSAS ST., EL SEGUNDO, CA 90245, (213) 678-6281 
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_ Integrated 
<*> Bridge 
Rectifiers 


AS ARTE BE 
® SILICON CONTROLLED AVALANCHE 

r BR INTEGRATED BRIDGE RECTIFIERS 
For greatest reliability in commercial and indus- 

trial applications. Low thermal resistance 

(<1°C/W) allows operation at full rated load 

to 100°C, Tc. The IBR is available in 10A and 

25A (lo) single phase; 15A and 36A (lo), 3 

phase. The 250V, 450V, 650V and 850V minimum 


avalanche voltages (Vsr) permit selection of lower 
PRV safety factors in design considerations. 


The IBR series includes 100V, 200V, 400V, 
600V and 800V (Vara) ratings. All are available 
with 200 nsec. reverse recovery time. Versatility 
is increased by 3 mounting options: press-fit, 
stud mount and TO-3 outline flange. 








When your space is limited with reliability and 
performance major considerations, Design us in— We'll stay there yarRo 


VARO SEMICONDUCTOR, INC. 


P.O. BOX 676, 1000 N. SHILOH, GARLAND, TEX. 75040, 214/272-4551, TWX 910-860-5178 
Circle No. 45 


Incremental 
voltage divider 











We call it Thumbpot™ And it'll do anything a 10-turn pot will do, but 
better. Obviously it’s easy to read and easy to set. When you return 
to a setting it’s exactly what you had before. Other advantages are 
a choice of sizes, incredible reliability, housings sealed against dust, 
low price, and such options as lighting, position stops, and shielding. 
It’s available in stock from G.S. Marshall, Hal! - Mark, and Schweber. 


~ EECO 


1441 East Chestnut Avenue/Santa Ana, California 92701 / Phone 714/835-6000 
Circle No. 46 





88 





SEMICONDUCTORS 


4-LAYER THYRISTORS TURN OFF IN 20 
nSEC AT 100 mA. This makes them the 
fastest thyristor diodes on the market 
today. Switching voltages are available 
from 20 to 100V with tolerances from +4 
to +10V. Most device types have 
guaranteed switching voltages from —60 
to +125°C. Double-plug construction is 
also featured. Prices start at $2 for 20V 
types (4E20-8) in 1000’s. DO-35 and DO-7 
packages are offered. American Power 
Devices, Inc., 7 Andover St., Andover, 
MA 01810. Phone(617)475-4074. 247 


TRANSISTORS HANDLE MEDIUM- 
POWER APPLICATIONS. The 2N5490 
through 2N5497 npn plastic power 
transistors are designed for switching 
and amplifier circuits. Two other types, 
2N6098 and 2N6099 (P; = 75W @T¢ = 
25°C) are also available. All replace the 
TIP29 and TIP31 devices. Specifications of 
the 2N5490 series include V¢x_’s to 70V, 
I. = 7A, He up to 3A with gains to 100, 
and P, = 50W at T, = 25°C. These TO-220 
units are 70¢ (100). Power Physics Corp., 
Industrial Way W., Eatontown, NJ 07724. 
Phone(201)542-1393. 248 


IC GENERATES HIGH-QUALITY WAVE- 
FORMS. The XR-2206 generates sine, 
square, triangle ramp and pulse wave- 
forms with the aid of a simple passive 
network. The output can be amplitude 
and frequency modulated as well as 
frequency-shift keyed. Oscillator range 
is 0.01 Hz to >1 MHz and frequencies 
can be swept linearly through 3,000:1 
range, typ. Amplitude modulation capa- 
bility is 100% and duty cycle is adjustable 
from 0.1 to 99.9%. XR-2206 prices (100) 
Start at $4. R-OHM Corp., EXAR 
Integrated Systems, 16931 Milliken Ave., 
Irvine,CA 92705.Phone(714)546-8780. 249 


QUAD OP-AMPS OPERATE FROM 
SINGLE OR DUAL SUPPLIES. When 
operated from single (3-30V) supplies, 
the input common-mode voltage range 
of the SG124 series includes ground, and 
the output voltage can also swing to 
ground. This permits sensing signals at, 
or very near, ground. Dual supplies 
(+1.5 to +15V) can also be used. Current 
drain is 0.8 mA/pkg; Eos, 2 MV; 3, 45 nA; 
and gain, 100 dB. Both plastic and 
ceramic DIL packages are offered in 3 
temperature grades. Prices (100 pcs) 
range from $2.50 to $10. Silicon General, 
Inc., 2712 McGaw Ave., Irvine, CA 92705. 
Phone(714)556-1600. 250 
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HEAT DISSIPATES RAPIDLY IN BRIDGE 


ASSEMBLY SERIES. This is assured by a 
positive pressure system between the 
diodes and the thin aluminum base. Four 
series, 2 rated at 30A, and 2 at 25A, (at 
60° C case temperature) are available with 
either a center thru-hole or a mounting 
stud. All have a 400A surge rating and are 
available in ratings from 50 to 1000V. 
Cost ranges from $3.42 to $5.33 (25-99 
quantity). Sarkes Tarzian, Inc., Semicon- 
ductor Div., 415 N. College Ave., 
Bloomington, IN 47401. Phone(812)332- 
1435. 251 


SCR-CONTROLLED BRIDGE SERIES IN- 
CLUDES EXPLOSION-PROOF packages. 
The series is rated at 25 and 50A dc 
output with 200, 400, and 600V dc 
blocking voltages. Four 25A circuits are 
offered in a 3/4-in. press-package (with 3 
mounting options): a power switch; 
half-wave power switch; center-tapped 
controlled bridge and common-cathode 
controlled bridge. Also included are 
explosion-proof, electrically-isolated 
epoxy barrier packages with integral 
mounting pads for low thermal resis- 
tance. Varo Semiconductor Inc., Box 
676, 1000 N. Shiloh, Garland, TX 75040. 
Phone(214)272-4551. 252 


MOS/LSI FIRM OFFERS TO SELL TECH- 
NOLOGY. The product in this case is 
technology in MOS/LSI wafer proc- 
essing. Offered are p-channel (SATO/PLA- 
NOX), silicon gate p-channel, CMOS 
(metal gate), 3-phase_ polysilicon 
charge-coupled devices (CCD) and 
refractory metal (tungsten) MOS proc- 
esses. All have been proved-in and 
tested by independent electronics man- 
ufacturers. The basic wafer fabrication 
technology or any of the proved-in 
processes may be purchased for approx- 
imately $300,000 ea. Mosfet Micro Labs, 
Inc., Penn Center Plaza, Quakertown, 
PA 18951. Phone(215)536-2104. 253 








ON 


GET 





BOARD... 


with TANTALEX Low-Cost 
Solid Tantalum Gapacitors 


Sprague Gives You a Choice....... for 
Flexibility in Your Printed Board Designs. 





DIPPED... | 
SPRAGUE TYPE 196D 


Small size economical capacitors 
that utilize high-quality tantalum 
pellet construction. Conformal epoxy 
resin coating is highly resistant to 
moisture and mechanical damage. 
This capacitor has found wide usage 
in consumer and commercial elec- 
tronic equipment. Operating temper- 
ature range, —55C to +85C. Avail- 
able in all popular 10% decade 
values from 0.1uF to 330uF. Voltage 
range, 4 to 50VDC. Standard lead 
spacing, 0.125” and 0.250”. For com- 
plete data, write for Engineering 
Bulletin 3545B. 





MOLDED... |! | 
SPRAGUE TYPE 198D 


Economically priced, molded-case 
Econoline™ capacitors. Standard 
lead spacing, 0.100”, 0.200”, and 
0.250”. Tough, flame-retardant, crack 
resistant case has flatted section 
and polarity indicator for easy-to- 
read marking and error-free inser- 
tion. Fixed external dimensions 
allow increased productivity during 
assembly of PC boards. Designed 
for severe vibration and shock en- 
vironment, where lead support alone 
is not adequate. Operating tempera- 
ture range, —55C to +85C. Capac- 
itance values from 0.1 to 100zF. 
Voltage range, 4 to 50 VDC. For com- 
plete data, write for Engineering 
Bulletin 3546. 


Call your nearest Sprague district office 


or sales representative, or write for the 
bulletins mentioned above to Sprague 
Electric Company, 491 Marshall Street, 


North Adams, Mass. 01247. 


THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS 


4SE-4103R1 









SPRAGUE 


THE MARK OF RELIABILITY 
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SWEEP/FUNCTION 
Hz-200 kHz, SWEEPS 1000:1. The 
low-cost Model 95 produces sine, 
square, triangle and swept waveforms as 
well as fixed-amplitude pulses. Fre- 
quency coverage is in 3 ranges, with a 
linear/logarithmic frequency control. 
There are slow (25 sec), medium (250 
msec) and fast (2.5 msec) sweep rates. 
High- and low-level sine outputs, both 
with amplitude control, are provided. A 
VCF input permits controlling frequency 
from an external source. Powering from 
a 9V transistor battery eliminates 
line-hum problems. $149.50. Exact Elec- 
tronics, Box 160, Hillsboro, OR 97123. 
Phone(503)648-6661. 254 


GEN COVERS 2 


50 AND 150 MHz COUNTER-TIMERS 
HAVE BECKMAN DISPLAY. Both Model 
6305 (50 MHz) and Model 6315 (150 MHz) 
have adjustable trigger level and trigger 
lamps. Time measurements with up to 
100 nsec resolution are standard. A 
precision TCXO provides accuracy and 
stability. Models 6305 and 6315—$495 
and $695, respectively. Berkeley Instru- 
ments, Inc., 1701 Reynolds, Santa Ana, 
CA 92705. Phone(800)854-3253. 255 


TESTER DOES “WORST-CASE” CHECK 
OR PROCESSOR CHIPS. The BIG “M” 
tests the individual instructions on a chip 
in varying sequences to provide worst- 
case testing. Present techniques only 
check the logic of the microprocessor 
without guaranteeing its function. In- 
tended for probe and receiving inspec- 
tion use, the BIG “M” is applicable for 
testing memories or microprocessor 
chips used in products such as digital 
watches, seat belts and calculators. 
$50,000. Delivery is 60 days ARO. 
Macrodata Co., Inc., 6203 Variel Ave., 
Woodland Hills, CA 91634. Phone 
(213)370-8551. 256 


PULSE GENERATOR HAS 85% OF ITS 
COMPONENTS ON 1 IC CHIP. Model 
1101 is battery operated, so can be 
isolated from ground. The _ batteries 
provide 40 hrs. of operating time and are 
rechargeable in 10 hrs. using a charger 
(included). Frequency range is 0.1 Hz to 
2 MHz, fall time is 10 nsec and rise time is 
50 nsec. Pulse width is continuously 
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variable from 0 to 100% of the period. 
Output voltage is adjustable from 0 to 
5V. Trigger inputs and outputs are 
provided, and the pulse output sinks 50 
mA, and sources 5 mA, TTL compatible. 
$159(1), $139(5 up). Interdesign Inc., 1255 
Reamwood Ave., Sunnyvale, CA 94086. 
Phone(408)734-8666. 257 


CIRCUIT BOARD TEST SYSTEM EM- 
PLOYS COMPUTER CONTROL. The 
semi-automatic Datatester 4400 was 
specifically designed for low-volume 
production as well as for troubleshoot- 
ing and repair stations. Its processor 
provides stored program capability that 
permits the testing of boards, devices 
and the entire module with the exact 
patterns and timing necessary to do a 
function test. IC test modules available 
adapt 14, 16, 24 and 40-pin IC’s for 
testing with the processor. Base price is 
$6475. Data Test Corp., 2450 Whitman 
Rd., Concord, CA 94518. Phone 
(415)689-3583. 258 


_ 
AUTORANGING 5-1/2-DIGIT DMM 
MEASURES FROM 1 uV AND 1 mQ. 
Model 3500 features autoranging from 1 
microvolt and 1 milliohm through all 
ranges, 1/2-in. planar display, improved 
isolated BCD output and local/remote 
trigger control operation. With 21 ranges 
it measures dc V to 1000V, ac V to 700V, 
resistance to 12 MQ and ratio from 
+0.010000/1 to +100.000/1. $995. Data 
Precision Corp., Audubon Rd., Wake- 
field, MA 01880. Phone(617)246-1600. 
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BROWNOUT- AND BLACKOUT-PROOF 
POWER SYSTEM FOR COMPUTERS. The 
PM 2478 is a lightweight 800W multiple- 
output supply. It operates normally over 
an input range of 90 to 130V ac, and with 
power dropouts up to 20 msec in 
duration. Under blackout conditions, 
the device automatically switches to 
battery operation. Standard Outputs are 
SV at 100A, —15V at 5A and +15V at 15A. 
All outputs are individually overload and 
short-circuit protected. Pioneer Magnet- 
ics, 1745 Berkeley St., Santa Monica, CA 
90404. Phone(213)829-3305. 260 








ELECTRONIC PRINTING CALCULATOR 
REPLACES ADDING MACHINE. The 
10-column Model BC-1003P has a basic 
adding-machine keyboard. It offers the 
added capability of ‘“‘cross-footing,”’ 
using total and grand-total keys. Calcu- 
lator functions are performed on the 
left-hand side of the machine, thereby 
separating the “calculator” and ‘adding 
machine”’ sections. An 8-stage buffered 
keyboard allows rapid acceptance of 
entries (up to 8 entries ahead of the 
printing mechanism). Size is 9- 
13/16W x3-5/8H <12-11/16D; weight is 12 
Ibs. 2 oz. $299.95. Toshiba America, Inc., 
280 Park Ave., New York, NY 10017. 261 


TV CAMERA FOR MICROSCOPE USE 
NEEDS 500 LESS LIGHT INPUT. 
Equipped with a silicon intensifier target 
image converter tube, Model 4300/SIT 
camera is well suited where bright 
lighting is neither desirable nor avail- 
able. It will resolve all 10 shades of gray 
on the EIA-TV Chart with only 3 x10 ~4 fc 
highlight. illumination on the camera 
tube faceplate. A usable picture can be 
produced with as little as 4x10-4 fe. 
Automatic controls allow for picture 
contrast to be maintained over the entire 
400:1 working light range. Cohu, Inc., 
Box 623, San Diego, CA 92112. 
Phone(714)277-6700. 262 


DIGITAL PHASE-ANGLE METER IN- 
CLUDES ANALOG NULLING. This per- 
mits pre-setting of any off-set phase 
angle from -—360 to +180° and the 
adjustment of a device under test for 
phase-shift accuracy of +0.1°. Model 
305D offers precision measurement of 
phase angles from 0 to +180° and 0 to 
+ 360°, with 5-digit-plus-sign illuminated 
readout display, 0.01° resolution and an 
operating frequency range from 2 Hz to 
11 MHz. Price: $3200 to $4000, depend- 
ing on plug-ins and options chosen. 
Dranetz Engineering Laboratories, Inc., 
2385 S. Clinton Ave., South Plainfield, NJ 
07080. Phone(201)755-7080. 263 
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Demand top quality 
In your optoelectronic systems! 
Select RCA emitters and couplers. 


SAS 








When it comes to solid-state electro optics, So whatever your needs in solid-state electro 
you can count on RCA quality built into our optics, be sure to check with RCA. The full 
infrared emitting diodes, chips and couplers. line is available in quantity. We'll also be glad to 
They can give you the kind of reliable perform- evaluate your custom requirements. For further in- 
ance your optoelectronic systems require. formation, just contact your RCA Representative 

In RCA’s IR emitting diodes and chips, or RCA Solid-State Electro Optics Distributor. 
expect all of these outstanding characteristics: Or fill out and return the reply coupon. 


@ high efficiency @ high peak power output in 
pulse service, 24 mW up to 115 mW (typical) at 
drive currents of 1A up to 8A © high power output porn - - - - - - - - - - - - - - - - - - - - - -- - - - 75 
in CW service, up to 3.5 mW (typical) at a drive Manager, Marketing 

current of 100 mA DC compatibility... with TTL BOR ei lad iene ccc eee 
circuits — forward drive current of 20 mA ® high Lancaster, PA 17604 

adaptability ... with a variety of microminiature Please send me the latest data on: 
packages for applications ranging from card 


———RCA IR _ emitters. __._RCA IR chips. 
and paper tape readers to optical switches and IO SphCallyocoupledecraots: 


security systems. Name 
And in optically-coupled isolators, too, 
you are assured of RCA performance extras: Company 
® ruggedness... .hermetic package built for tough 6 
industrial applications @ efficiency ... minimum — 
transfer ratios of 20% e@isolation ... 1,000 V City/State/Zip 
minimum isolation voltage. eae ames eee a tee giana niet 


Electro 
Optics 





INTERNATIONAL SALES OFFICES: ARGENTINA — Casilla de Correo 4400. Buenos Aires/BRAZIL — Caixa Postal 8460, Sao Paulo/CANADA — 21001 No. Service Rd.. Ste. Anne de Bellevue. 
810 Quebec/ENGLAND — Sunbury-on-Thames, Middlesex/HONG KONG —P.O. Box 112/MEXICO— Apartado 17-570. Mexico 17, D.F./SWITZERLAND — 118 rue du Rhone CH1204. Geneva 
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HIGH-LEVEL BASEBAND MONITOR FOR 
ON-LINE USE. The DS-10 is designed for 
use in low-density FDM telco offices. It 
provides an economical means of 
automatically monitoring high-level sig- 
nals in VF channels in up to ten 1800 
channel basebands inputs. Each input is 
sequentially scanned from 62 kHz to 8802 
kHz in discrete 4-kHz steps, so that each 
VF channel is automatically monitored 
and measured. $6000. Delivery 120 days 
ARO. Domain Systems, Inc., 215M 
Central Ave., East Farmingdale, NY 


11735. Phone(516)293-6504. 264 


LOW-COST DATA LOGGER SAMPLES 1 
TO 100 POINTS AT 3/SEC. DATOS 901-P 
does this with an accuracy of 0.1% anda 
resolution of 1 part in 2000. Among the 
standard features are pin-board pro- 
gramming of channel selection, real- 
time clock and a multirange timer with 





scan or channel time selection from 0.3 
sec to 99 hr. It can be externally 
expanded to 1000 channels, and _ ll 
inputs are true floating differential. From 
$1900. Data Graphics Corp., 8402 
Speedway Dr., San Antonio, TX 78230. 
Phone(512)342-9486. 265 





SINGLE OR DUAL-TRACE TRIGGERED 
SCOPES HAVE DC-15 MHz B.W. 
Solid-state Models 77 and 87 are priced 
at $550 and $625. Vertical and horizontal 
controls are color coded for rapid 
reading. Both have a flat-face 8x10 div. 
CRT; full 145 MHz bandwidth and 10 mV 
sensitivity. Sweep rates are from 0.2 
sec/div. to 0.5 wsec/div. in 17 calibrated 
steps selected in 1-2-5 sequence. 
Systems Electronics, Inc., 9727 In- 
glewood Ave., Inglewood, CA 90301. 
Phone(213)671-8231. 266 


When you want better ways to 
cool semiconductors, our ideas 





aren't frozen! 


That’s because we're the only 
designer and builder of both the 
semiconductors and heat sinks. We 
know exactly what can and can't be 
done to make both work perfectly 
together. 

For 15 years we've built air and 
liquid cooled heat sinks of all sizes 
for the world’s leading users. 

No one can give you a quicker, 
better match between your cooling 
problem and its solution. That goes 
for new designs, or heat sinks right 
off our distributors’ shelves. 

For our Heat Sink Catalog, or 
more details, contact your local IR 
office, distributor, or the factory. 


... the innovative power people 


INTERNATIONAL RECTIFIER 


Semiconductor Division, 233 Kansas Street, El Segundo, California 90245, Phone (213) 678-6281 


Circle No. 49 


92 








SELF-CONTAINED PYROMETER MAKES 
1% MEASUREMENTS. Model 6020's 
highly-sensitive meter is driven directly 
from the thermocouple emf. Bi-metallic 
compensation corrects for changes in 
ambient temperature. The 6020 is 
available in ranges from —200 to 2500°F in 
J, K, R, S and T calibrations. Several 
companion probes are available, includ- 
ing roller-surface probes, general- 
purpose probes, needle probes, flat- 
surface probes and beaded-type wire 
probes. Omega Engineering, Inc., Box 
4047, Stamford, CT 06907. 
Phone(203)359-1660. 267 


SC MATERIAL TYPING AND RESISTIVITY 
MEASURING SYSTEM enables all such 
needs to be served with a single, 
low-cost instrument. Model 530 works 
easily with bulk wafers, ingots or 
epitaxial silicon layers, measuring resis- 
tivity and identifying material type on 
materials with resistivities from 10° 
Q-cm to 104 Q-cm. Basically, the 
system combines and interfaces a 
constant-current source and a digital 
voltmeter. $1495 exclusive of probe and 
sample staging. Delivery is 90 days ARO. 
Keithley Instruments, Inc., 28775 Aurora 
Rd., Cleveland, OH 44139. Phone 
(216)248-0400. 268 


DROP-RESISTANT HAND-SIZE VOM 
DOUBLES AS PROBE. The ruggedized 
Model 310-Type 3 features a virtually 
indestructible thermoplastic case and an 
easy-access battery and fuse compart- 
ment. Also, it can be converted into a 
common probe by simply unscrewing 
the tip from the black lead and placing it 
into a special jack on top of the tester. 
The new tester is a high-torque bar-ring 
instrument with spring-back jewel meter 
movement that provides 20,000 Q/V dc 
and 5000 /V ac sensitivity, has 18 ranges, 
and is self-shielded. $48. Triplett Corp., 
Bluffton, OH 45817. Phone(419)358-5015. 

269 
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SAMPLE/HOLD MODULE FEATURES 
PROGRAMMABLE GAIN AND SPEED. 
The SHM60 acquires analog signals of up 
to +10V amplitude, and settles to 0.01% 
in <1.5 psec for 20V input step. 
Selectable gains range from unity to 
+1000. Accuracy of 0.01% is guaranteed 
for a 1-ywsec sample period, and for hold 
periods up to 15 psec. $99. Burr-Brown 
Research Corp., International Airport 
Industrial Park, Tucson, AZ 85706. 
Phone(602)294-1431. 270 


MINIATURE POWER SUPPLIES MOUNT 
ON PC BOARDS. PCM-series supplies 
are designed for op amps, data 
converters and nonlinear circuits. They 
are complete with built-in overload and 
short-circuit protection. All 5V models 
have built-in overvoltage protection. 
Single-output models range from 50V at 
500 mA to 24V at 50 mA. Dual-output 
models are available from +12V at 120 to 
400 mA and +15V at 65 to 350 mA. Prices 
start at $25. ACDC Electronics, Inc., 
Oceanside Industrial Center, Ocean- 
side, CA 92054. Phone(714)757-1880. 271 





RF POWER MODULES DESIGNED FOR 


HANDHELD TRANSCEIVERS. MX1.5 
modules operate in the 400-512 MHz 
range from a 7.5V battery. They provide 
1.5W output, 20-dB gain and 50% 
efficiency. Input and output impedances 
are 500. Full protection is provided 
against overdrive and load VSWR. 
$41.75. TRW Semiconductors, 14520 
Aviation Blvd., Lawndale, CA 90260. 
Phone(213)679-4561. 272 
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DC/DC CONVERTERS DELIVER FROM 
0.9 TO 10W OF OUTPUT. Size ranges 
from 1.5X2.0x0.4-in. to 2.53.5 x0.875- 
in. depending on type and output 
capacity. Standard output voltages are 5, 
+12, +15 and +18V, with input ranges of 
5, 12, 24 or 28V dc. Priced from $41.95 to 
$112.95, these units feature low output 
noise, 0.02% line and load regulation, 
and no derating through 71°C. Semicon- 


ductor Circuits, Inc., 306 River St., 
Haverhill, MA 01830. Phone(617)373- 
9104. 273 


VOLTAGE-TUNEABLE ACTIVE FILTER 
PROVIDES MULTIPLE OUTPUTS. Model 
320VT has bandpass, band reject, 
lowpass and highpass outputs. Fre- 


quency can be set to any value from 0.1 
Hz to 20 kHz. Voltage tuning range up to 
20:1 can be externally set. Gain and Q 
are externally variable. $210. Frequency 
Devices, Inc., 25 Locust St., Haverhill, 
MA 01830. Phone(617)374-0761. 
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DC-DC CONVERTER OPERATES FROM 
MINICOMPUTER SUPPLY. This module 
allows noisy +5V minicomputer power 
supplies to operate ultra-precision 
analog circuitry through multiple isola- 
tion techniques. The DT15150 converts 
+5V to noise-free +15V at 150 mA. The 
multiple input/output isolation has 80 pF 
effective capacitance, 1000 mf) resis- 
tance, and >500V breakdown voltage. 
Efficiency is 65% min., and price is $109 
(1-9). Data Translation Inc., 109 Concord 
St., Framingham, MA _ 01701. Phone 
(617)879-3595. 275 


INDUSTRIAL FREQUENCY SENSOR OF- 
FERS 1% ACCURACY. Type HZA 
frequency-band sensor de-energizes 
electrical systems when the frequency of 
single or 3-phase service exceeds pre-set 
limits for a pre-set time. When 
frequency returns to normal, the sensor 
automatically re-energizes the system. 
Built-in time delays of up to 10 sec 
preclude nuisance tripping. Other specs 


include input operating voltage up to 
600V and input frequency of 50, 60 or 400 
Hz. Logitek, Inc., 42 Central Ave., 
Farmingdale, NY 11735. Phone(516)694- 
3080. 276 





MULTIPLYING DACS FEATURE FAST 
SETTLING TIME. Series MCI 1200 
converters feature output settling times 
of 500 nsec, and a wideband (4 MHz) 
reference input. Monotonicity is guaran- 
teed over the operating temp. range of 0 
to 70°C. Units are completely internally 
trimmed. Two-quadrant operation is 
possible. $155 (MDI 1201), $125 (MDI 
1202). Delivery is 6 wks. ARO. Intronics, 
Inc., 57 Chapel St., Newton, MA 02158. 
Phone(617)332-7350. 277 


D/A CONVERTERS COMBINE HIGH 
PERFORMANCE WITH LOW COST. Both 
series feature 5 sec settling time. 
DAC-R models have 30 ppm/°C gain TC; 
DAC-TR have 5 ppm/°C. All models have 
5 programmable output ranges. Input 
coding is complementary binary or offset 
binary. 8-, 10- and 12-bit models are 


available. $69-$79 (DAC-R), $129-$179 
(DAC-TR). Datel Systems, Inc., 1020 
Turnpike St., Canton, MA 02021. 
Phone(617)828-8000. 278 





PACKAGED THIN-FILM INDEPENDENT 
RESISTORS PRICED FROM $3. The 
AD1830 series of resistors may be 
selected with resistances ranging from 
500 to 500 kQ, ratio accuracies to 
+0.01%, ratio TCR tracking to +1 
ppm/°C max., noise to —50 dB, response 
time <10 nsec max., and long-term ratio 
stability of 0.01%/yr at 25°C. Analog 
Devices, Box 280, Norwood, MA 02062. 
Phone(617)329-4700. 279 
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New from Texas Instruments... 






The Linear and 


Interface 
Circuits 
Application 
Book for Design 
Engineers. 





First practical book to Companion data book 
explore the full also available. 


Texas Instruments Linear and 
- Interface Circuits Data Book 
spectrum of both linear | provides you with full data sheets 
and specifications for the entire 


and interface applications. TI linear/interface IC family. 


Only $3.95, this 688-page, hard- 
bound edition is your source for 
Only $6 95 the most comprehensive design 
e 7 information available. 
Performance curves. Design equations. Selec- 1] 
tion criteria. Texas Instruments: new Linear me soe 
and Interface Circuits Applications Book deliv- 
ers the information you need to stay abreast of 
current applications and plan cost-effective 
systems. 
Arranged for time-saving convenience, chap- 
ters discuss vital factors concerning each device 
category —from product characteristics to fre- 


quently used applications and alternate circuit 
approaches. 





TO: Texas Instruments Learning Center 


P. O. Box 3640, Dallas, Texas 75221 
| LEARNING 


CENTER 


L] Linear and Interface Circuits Applications Book $6.95 
L] The Linear and Interface Circuits Data Book $3.95 


Please send: 


Enclose check or money order. Please add state and local 
taxes where applicable. 




















Subjects include: operational amplifiers « Name Company 
comparators ¢ video amplifiers ¢ special func- 
tions * voltage regulators * peripheral drivers pager 
MOS interface circuits « Core Memory circuits ay 
e line transmission circuits. 
384 pages. Over 400 illustrations. A Texas State Zip 


Instruments Learning Center publication. se fo So ui ‘ly ei each i Sa ill sacle is as eo 
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1974 Texas Instruments Incorporated INCOR PO RATE D 95106 


95 





See 


“We Design 
Great | 
Instruments’ b 


Texscan is the world leader in its 
field. But we’ve found we may A 
have grown complacent in Tesncan Corahon ae Nec oe 
telling you why. ate ca Ne patria di a 

Here briefly is just one comparison of our 
product versus competition. | 

The Wavetek 1801A and the Texscan WB-711 
Sweep Generators are almost identical in specs. 
However, the Wavetek has 688 parts, Texscan 311. 
The Wavetek cost $1245. Texscan $870. 

Take a look at the chart below. Fortunately for 


us, unfortunately for them; it’s only one of many 









examples: WAVETEK 1801A TEXSCAN WB-711 
BF LE Sa ee NE IP Sh 16 PN ce Sas 2 a ES SR NE Se EN AOA 
Transistors 88 28 
__ Resistors, Diodes, Capacitors and Inductors 598 Hm 
IC’s 2 g 
Total Parts 688 331 
Price $1245 $870 
Freq. Pwr. Dis- Flat- S S 
pangs Output fenton ee Width Rate. Linearity 


a nnn  EEEEEESa EERE 
Wavetek 1801A 1-500 MHz 0.7V RMS = -—30 dB* +0.35dB 0.2—500MHz .01—50 Hz 2% 
Texscan WB-711 1-500 MHz 0.7V RMS -30dB +0.25dB 0.1—500MHzZ 0.5—60 Hz 2% 


Texscan ye 


THE WORLD LEADER AND 
COMING ON EVEN STRONGER. 


U. S. Sales Offices: Albuquerque 505-298-2575, Bayside (N.Y.) 212-423-7330, Binghamton (N.Y.) 607-748-0509, Blue Bell (Pa.) 215-542-1490, Cedar Rapids 319-363-2489, Cleveland 
216-243-8430, Dallas 214-363-5291, Dayton 513-885-4171, Depew (N.Y.) 716-685-4111, Detroit 313-482-1229, Dover (N.J.) 201-366-7518, Hamden (Conn.) 203-288-5246, Hazelwood 
(Mo.) 314-731-5200, Hazlet (N.J.) 201-264-1851, Honolulu 808-941-1574, Huntsville (Ala.) 205-837-1601, Independence 816-737-1414, Indianapolis 317-257-7231, Los Angeles 
213-478-1586, Mt. Penn (Pa.) 215-672-5565, Northbrook (Ill.) 312-882-7140, Orlando 305-859-2160, Palo Alto 415-494-3331, Seattle 206-763-2233, Syracuse 315-454-9314, Ulster 
Park (N.Y.) 518-372-6649, Winston-Salem 919-722-9671, Waban (Mass.) 617-969-3372, Wheaton (Md.) 301-942-9420. Canadian Sales Offices: Downsview 416-638-0218, Halifax 
902-455-0670, Montreal 514-735-4565, Ottawa 613-728-4624, Vancouver 604-732-7317, Winnipeg 204-475-1732. OVERSEAS OFFICES: U K 04427-71138 WGermany 0811/695421 
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designs. Standard networks are available 
off-the-shelf in 6-, 8- or 9-pin packages. 


IC-sized D/A converters available with 
true 12-bit linearity and drift. Both units 


LRC, Inc., 1001 Digital Dr., Hudson, NH 
03051. Phone(603)883-9351. 283 


are complete with internal reference, 
ladder and switches. The voltage version 
includes the output amplifier with its 
pretrimmed feedback resistors. Settling 
time (0.01%) is 1 wsec max. for the 
current DAC, 15 usec for the voltage 
one. Hybrid Systems Corp., 87 Second 
Ave., Burlington, MA 01803. 
Phone(617)272-1522. 284 


12-BIT DAC’S COME IN 16- AND 18-PIN 
DIP’S. The current-output DAC345I and 
its companion voltage-output DAC346V 
are claimed to be the first complete 





SURFACE 


ACOUSTIC-WAVE DELAY 
LINES HAVE MANY USES. Because of 
the unique surface energy characteristics 
of this type unit, the following are readily 
fabricated: linear delays, dispersive 
delays, phase-coded devices, tapped 
delay lines, linear-phase bandpass filters 
and system equalizers. Units can be built 
with temperature coefficients as low as 1 
ppm/°C and with losses as low as 10 GB. 
Andersen Laboratories, Inc., Bloomfield, 
CT 06002. Phone(203)242-0761. 280 


ELAY LINES 


m GO OFF-THE-SHELF 
DIP MODELS...TO- 
250 NSEC... 
THOUSANDS OF 

1 SPECIALS 

ea SHIPPED 

MMH MONTHLY BY 


PULSE ENGINEERING! 


(Gi sleros--H lage) aanele| ale) gel-lem—it-|alet-) dem iial-me)an(-1al6}-m ele) i (om cem\.0]0] at) el-1en 
balers) de)al-wmn dom a- mi -t-) ale cel [-)a2i-m\4e) 16) aal-m ©) aeleleloidiolam-laleme(-1Ih- ae 


2-GHz, MECHANICALLY-TUNABLE OS- 
CILLATOR HAS LOW FM NOISE. Model 
FS-2137-1, a high-power, transistorized 
cavity oscillator with a +0.1% AFC 
option may be mechanically tuned over 
any 200 MHz band between 1.5 and 2.0 
GHz, with output power levels to 500 
mW. AFC tuning sensitivity is typically 
0.7 MHz/V over a +0.1% bandwidth. 
Size is 2.5X1.0X1.25 in. Frequency 
Sources, Inc., 166 Middlesex St., North 
Chelmsford, MA 01863. Phone(617)251- 
8747. 281 
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DELAY LINES e MICROELECTRONICS 
MINIATURE MAGNETICS 


CASCADABLE FLATPACK AMPS SOLVE 
PACKAGING PROBLEMS. The new 
0.50.380.125-in. flatpack is ideal for 
high-density packaging requirements. 
Frequency range is 5 to 500 MHz, with 
gain typically 14.5 dB. Noise figure is 
typically 4 dB for the WJ-A6 and 5 GB for 
the WJ-A8. Output power is +9 dBm for 
the WJ-A6, +14 dBm for the WJ-A8. $99 
and $109, respectively (1-9). Watkins- 
Johnson Co., 3333 Hillview Ave., Palo — 
Alto, CA 94304. Phone(415)493-4141. 282 


Call your nearest regional office: 


ABINGTON, PA. syoley-W-y-Wae)\ aa 
(215) 887-4343 (305) 391-3803 


SANTA CLARA, CALIF. 
(408) 248-6040 


STUDIO CITY, CALIF. 
(213) 872-0735 


WALTHAM, MASS. 
(617) 894-0950 


CHICAGO, ILL. 
(312) 992-3720 
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Engineering 


P.O. Box 12235 « San Diego, Calif. 92112 
Phone 714-279-5900 * TWX.910-335-1527 


Pulse 
Engineering 


RESISTOR NETWORKS COME IN SIN- Inc. 


GLE IN-LINE PACKAGES. Produced by 
high speed, computer-controlled laser 
trimming, the networks feature resistor 
tolerances to 0.01% at low cost in 
quantities. All exhibit the stability, tight 
temperature-tracking and low-noise 
properties inherent in thin metal film 


A Varian Subsidiary 
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MINIATURE ADJUSTABLE-INDUCTANCE 
COILS BOAST HIGH “Q.” With body 
diameter of only 0.185-in. and height of 
0.21 to 0.25-in., Series SV2 inductors 
have typical Q of 100 at 1 to 25 MHz. 
Nominal inductance values range from 
0.1 to 1000 4H. The magnetically- 
shielded inductors use a threaded cup 
for inductance variation—typically by as 
much as +30% around nominal. They 
are available for immediate delivery from 
SAE’s national distributors. Stanford 
Applied Engineering, Inc., 340 Martin 
Ave.,-Santa’--Clara:-- CA 95050. 
Phone(408)243-9200. 182 


RESISTOR SYSTEM IS CALIBRATED FOR 
2 FIRING TEMPERATURES. #2800 thick- 
film resistor ink formulations are now 
offered, if specified, calibrated to 850°C 
firing. Sheet resistivity from 109 to 10 
kQ/sq will be supplied with TC of 100 
ppm/°C or less. The 10 kQ and 1 MOQ/sq 
inks will have TCR’s similar to the 780°C 
firing material. A new range, 5Q/sq, is 
also available. For improved-TCR inks 
add $1/gram. There is no price increase 
for standard-TCR pastes calibrated at 
850°C. Electro-Science Laboratories, 
Inc., 1601 Sherman Ave., Pennsauken, 
NJ 08110. Phone(609)663-7777. 183 





ULTRA-PRECISION METAL-FILM RESIS- 
TORS PROVIDE LOW NOISE. Desig- 
nated AR40, they offer a low TC and 
excellent high-frequency performance. 
The construction employs 2 elements 
welded together and housed in an epoxy 
case measuring 0.32x0.295x0.1 in. The 
available resistance range is 200 to 100 
kQ with standard tolerances to 0.01% 
and TC of +2 ppm/°C. Power rating is 
0.3W at 85°C. Typical price for a0.05%, 2 
ppm/°C unit is $2.40(1000). TRW/IRC 
Resistors, Box 887, Burlington, IA 52601. 
Phone(319)754-8491. 184 
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ELASTOMERIC CONNECTOR OPERATES 
ON PRESSURE ALONE. A_ non- 
conducting elastomeric core is wrapped 
with parallel lines of gold-plated 
conductors on thin, flexible film. When 
compressed between parallel planes, the 
lines interconnect the circuitry with 
assured contact redundancy. Typical 
pad-to-pad performance characteristics 
with liquid-crystal displays are: contact 
resistance of 150 m{’ contact rating of 
500 mA and min. insulation resistance of 
300 MQ. AMP Inc., Harrisburg, PA 17105. 
Phone(717)564-0101. 185 


LIGHTED PUSHBUTTON SWITCHES 
HAVE DPDT ACTION. 5S190-series is 
available with either momentary or 
alternate action. The dual wiping 
contacts are rated at 100,000 cycles at 2A 
and 250,000 cycles at 100 mA, resistive. 
Silver-inlay terminals accept either two 
#22 AWG soldered wires or 0.110-in. 
quick-connect receptacles. Molded 
parts are SE-O thermoplastic, and 
mounting is either rear panel or snap in. 
Clare-Pendar Co., Box 785, Post Falls, ID 
83854. Phone(208)773-4541. 186 





CAPS TRIPLE THE PRODUCT LINE. Caps 
are now available for both single and 
double-button OAK Series-415 keyboard 


switches, in flat, Square-raised and 
round-raised styles, with 287 numeric 
and special characters. These switches 
offer operating life of 10 million 
Operations, and function in tempera- 
tures from —20 to +75°C. White, black, 
red, blue and gray caps are available. 
Switch cost is under 20¢ ea in production 
quantities. Delivery is about 6 wks. ARO. 
Oak Industries Inc., Switch Div., Crystal 
Lake, IL 60014. Phone(815)459-5000. 187 
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HIGH-PRECISION PLATINUM RTD’S ARE 
INTERCHANGEABLE. Ultra-Therm® re- 
sistance temperature detector probes 
are available in a broad variety of ranges 
and mounting configurations. They can 
be used for sensing temperatures from 
—200 to +500°C, and are available in 
cartridge, threaded-fitting and spring- 
loaded types. The T.C. of these 1009 
sensors is 0.003850/0/°C. Tolerances are 
+0.1% to +1.0%. $15, up. Thermalogic, 
241 Crescent St., Waltham, MA 02154. 
Phone(617)891-9496. 188 


HEAT EXCHANGER PROVIDES DUST- 
FREE CABINET COOLING. The Model 
5001 filterless heat exchanger measures 
19X12 x 8-1/2-in. and operates on 115V, 
60 Hz, 1 phase. It accommodates a rated 
cooling load of 650W and delivers 250 ft.?/ 
min. of cool, clean air. There are no 
filters to clog or replace. The air inside 
the cabinet is continuously recirculated, 
so no dust or dirt enters the system. 
Astro Dynamics, Inc. Second Ave., 
Burlington, MA 01803. Phone(617)272- 
3900. 189 





VERTICAL MERCURY-WETTED REED 
RELAY SAVES PC-BOARD SPACE. These 
devices require <1/2-in.2 of board 
surface and are only 1.37-in. high. They 
are magnetically shielded, and feature 
insulation resistance of 10°Q and min. 
breakdown voltage of 1000V dc. Contact 
ratings include 1A dc max., 100V dc 
max., 0.050 max. initial contact resis- 
tance and 28W max. power limitation. 
Coil voltages from 5 to 24V and 1A, 2A or 
2B contacts are offered. From $4.60 (100). 
Electronic Instrument & Specialty Corp., 
42 Pleasant St., Stoneham, MA 02180. 
Phone(617)438-5300. 190 
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INDUSTRIAL BONDING LIQUID SETS IN 


<1 MIN. Zipbond contact cement bonds 
most materials almost instantly. No 
pre-mixing is necessary. You use the 
liquid directly from the 1-oz squeeze 
applicator bottle or from a production- 
line dispenser. No heat or pressure 
treatments are required. Zipbond is 
impervious to most chemicals, weather 
and temperatures. Its low viscosity 
allows it to seep into tiny spaces. One 


drop covers a 1-in.2 area to form a 


colorless transparent bond. Tescom 
Corp., 2600 Niagara Lane N., Min- 
neapolis, MN 55441. Phone(612)546- 
4351. | 191 


FREE SAMPLE PART SHOWS CLAD 
PRECIOUS-METAL CAPABILITY. An ac- 
tual part, this provides the connection 
for flash and shutter applications in a 
camera. Technical Materials, Inc. fur- 
nished coiled clads from which the 
stampings were made. The 2-part 
connector uses beryllium copper as a 
base metal. The dimpled ends have an 
18-karat gold edgelay and solder stripes 
are visible on both sides of the terminals 
on the other end. Technical Materials, 
Inc., 25 Holden St., Providence, RI 02908. 
Phone(401)272-4343. 192 


_/ 


SEMICONDUCTOR PROTECTOR 
SENSES CASE TEMPERATURE. Called a 
Posistor®, the PTH 487A is mechanically 
affixed to the semiconductor case and 
electrically connected in series with the 
base-biasing circuit in typical applica- 
tions. Resistance is nominally 5000, 
increasing to 20000 at 176°F and 30000. at 
194°F. Max. voltage and current ratings 
are 12.5V dc and 0.1A, respectively. 
Murata Corp. of America, 2 Westchester 
Plaza, Elmsford, NY 10523. Phone 
(941)592-9180. 193 











With a Joslyn 2000 series gas tube protector on your 
equipment, you have a special kind of protection against 
damage from lightning, power surges and other transients. 
Joslyn engineers call it “protection p/us.” First, nano sec- 
cond response to the fast rising transients. P/us, repeatable 
response for consistently reliable protection on each tran- 
sient. Plus environmentally sealed, no noise, no mainte- 
nance, low cost. Plus each Joslyn unit is 100% tested. 
That means “protection plus” for solid state components, 
RF systems, CRT’s etc. Backed by 73 years of Joslyn 
experience, the cocky little transient quencher can be de- 
livered from stock in a variety of breakdown voltages. 


* 62 cents each in quantities of 1,000! 


Special “protection plus” offer: For AC power protection, 
we'll send you your own copy of Joslyn’s 24-page, illustrated “AC 
Arrester Guide” as long as the supply lasts. Please write or call 
us today. 





OSL 


ELECTRONIC SYSTEMS 


Joslyn Electronic Systems, Santa Barbara Research Park, 
P.O. Box 817, Goleta, Calif. 93017, Tel. (805) 968-3551 
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HEAT DISSIPATOR BOOSTS RATING 


OF POWER PLASTIC TRANSISTORS. 


In natural convection, the PSB2-1ND per- 
mits operation at power levels 2-1/2 
times greater than with bare-case 
devices. At 200 fom, power levels can be 
increased 5 times and at 1000 fpm, 13 
times. The dissipator requires only 
1/4X7/8-in. of board space. Mounting 
feet insert into the pc board and both 
transistor and dissipator are soldered 
simultaneously. 17¢(1000). International 
Electronic Research Corp., 135 W. 
Magnolia, Burbank, CA 91502. 
Phone(213)849-2481. 194 





METRIC, HIGH DENSITY WIRE- 
WRAPPING PANELS ARE OFFERED. The 
3 metric panels measure 100X160 mm 
and contain 2-piece machined contact 
assemblies. Of 1/16-in. double-sided 
glass epoxy, they have voltage and 
ground planes connected to wire- 
wrapping socket terminals. Panels 8136- 
MG16 and -MG17_ have voltage and 
ground pins located in each pattern, 
while the -UMG2 has both located at 
preselected positions adjacent to I.C. 
rows. $40 to $90. Augat Inc., 33 Perry 
Ave., Attleboro, MA 02703. Phone 
(617)222-2202. 195 





FINNED HEAT SINKS FOR TO-5 CASES 
PUSH ON. This design allows the entire 
heat-sink-to-case contact area to be 
placed at the case flange, the area of max. 
thermal emission. There are 2 models: 
1134, with fins 0.187-in. high and 
weighing 0.0024 Ib.; and 1136, with fins 


0.375-in. high and weighing 0.0032 Ib. 
They are available unfinished, black 
anodized or with gold-chromate finish. 
Model 1134-U, 5¢(1000). Thermalloy, Box 
34829, Dallas, TX 75234. Phone(214)243- 
4321, 196 
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MINIATURE PB SWITCH HAS HI-REL 
SNAP-ACTING MECHANISM. _ In- 
corporating a mil-approved basic switch 
mechanism, the pushbutton B9100 
switches provide a wide range of 
electrical ratings to 7A resistive in an 
unusually small package. Their plunger 
travel and operating force deters 
accidental operation. The line includes 
moistureproof or unsealed versions with 
single pole, N.O. or N.C. configurations. 
Control Switch, Inc., 1420 Delmar Dr.,Fol- 
croft, PA 19032. Phone(215)586-7500. 197 


Saying 
isnt believing. 
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Seeing is. 

Competition reads our ads to see whats new. So 
here they are. Five different series of DIP Reed Re- 
lays from Grigsby-Barton—the Originators of DIP 
Reed Relays (U.S. Patent No. 3,575,678). For tech- 
nical information to answer your application needs, 
write or call today. Then you’ll see for yourself. 


Now...5 












Two remarkable film capa 


types. Only from Paktron. 


Axial lead polyester and polypropylene Micromatic® Capacitors. 
Self-encased—wound on their own leads. Radial lead Filmatic® 
Capacitors with Rippleweld® lead attach process. Modern plants 
in Vienna and Lynchburg, Virginia. For free catalog, write: 


PAKTRON, Division Illinois Tool Works Inc., 
900 Follin Lane, S. E., Vienna, Virginia 22180. 
Phone (703) 281-2810. TWX 710-833-0682. 
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The Innovative Electronic Group of ITW... 
PAKTRON # LICON = EMCON ouuinois TOOL WORKS INC. 1974 


GRIGSBY-BARTON:? 


3800 Industrial Dr., Rolling Meadows, III. 60008 
Phone (312) 392-5900 TWX 910-687-3789 
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PRECISION POTS FEATURE LONG LIFE, 
UNLIMITED GANGING. Series TTL units 
feature ball-bearing servo or threaded- 
bushing mount, high accuracy, infinite 
resolution, linear and nonlinear outputs 
to suit and multiple-fingered wipers to 
yield 20,000,000-cycle life. They are 
available in 1-3/32-in. and 2-in. case 
diameters, from stock, in a wide variety 
of resistances and linearities. Computer 
Instruments Corp., 92 Madison Ave., 


SELF-REGULATING OVEN FITS SHORT- 
LEAD TO-5 DEVICES. The 4ST2 was 
designed for use where lead lengths are 
restricted to 0.5-in. Devices having up to 
8 leads are readily installed without 
special tools. Ovens with control 
temperatures of 65, 80 and 115° C are 
available (they operate in ambients from 
—50°C up to 50, 60 and 100°C, 
respectively). A semiconductor heater 
provides the infinitely-proportional con- 
trol. Power required is 24+4V ac/dc, 
0.6W (at 25°C ambient). Jermyn, 712 
Montgomery St., San Francisco, CA 
94111. Phone(415)362-7431 199 


ROCKER SWITCHES FEATURE SNAP-IN 
MOUNTING. Available in illuminated 
and non-illuminated versions and with 
ac-dc versatility to 20A, they are offered 
with bezels or for sub-panel mounting. 
Illuminated switches are offered with 
red, green, amber or clear rockers and 
various bulbs. Colors for non- 
illuminated rockers are white, blue, 
gray, red or black. Standard features of 
the 1 and 2-pole, double-throw rocker 
switches include solder lug, spade and 


and slow-make, slow-break operation. 
From 40¢ to $1. Cutler-Hammer, Inc., 
4201 N. 27th St., Milwaukee, WI 53216. 
200 


Phone(414)442-7800. 





16-POSITION STRIPSWITCHES MOUNT 
BY WAVE SOLDERING. Both small and 
inexpensive, they are well suited for 
programming computers and using 
computer-type logic where 16-bit words 
are the basic logic information unit. The 
switches are one-piece molded units 
with up to 6 switch stations/strip. Models 
are available for screw-driver, finger-tip 
or knob setting. Under $1 in production 
quantities, with delivery in 16 wks. 
Electronic Engineering Co. of California, 
1441 E. Chestnut Ave., Santa Ana, CA 


Hempstead, NY 11550. Phone(516)483- 
198 


8200. screw terminals, silver-plated contacts 92701. Phone(714)835-6000. 201 





A new autoranging multi-function counter 
using LSI MOS from the “Counter House” 
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Who else but FLUKE could bring you this 
new multi-counter at such an attractive 
price? A multi-counter that measures fre- 
quency or period — and totalizes too. 
Model 1900A from Fluke ‘‘The Counter 
House”’ has a dynamic range of 5 Hz to 
80 MHz... advanced LSI/MOS circuitry 

. autoranging . . . and autoreset on all 
functions, gate times, filter and attenuator. 
And of course the 1900A incorporates all 
the traditional Fluke quality, and comes 
with a full 12-month guarantee plus a 15- | ® 


day money-back policy. COUNTER DIVISION 


John Fluke Mfg. Co. Ltd., Counter Division, 
P.O. Box 1094, Station ‘‘D” Buffalo, N.Y., 14210. 
Phone (716) 842-0311. TWX 610-492-3214 





FLUKE 








Phone or write to-day for complete details 
on the $349 multi-counter from Fluke — 
‘‘The Counter House’’. 
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COMPUTER PRODUCTS 





MINI PACKS UP TO 24k 16-BIT WORDS 
ON 1 MOS MEMORY BOARD. These 
memories use 4k RAM’s and _ feature 
bit-error detection/correction, along 
with instant visual fault isolation, 
programmable protection and privileged 
instructions. The rack-mounted Model 
980B general-purpose minicomputer 
also features 8k words of memory with 
750 nsec cycle time, and 8 directly- 
addressable registers. It uses 98 basic 
instructions (16, 32 or 48 bits) with 
auto-restart and is configured for Fortran 
and Basic. A DS330 disc interface is 
included, as an option. $4975. Texas 
Instruments, Inc., Box 2909, Austin, TX 
78767. Phone(512)258-5121. 170 


SERIAL-IMPACT PRINTER FOR PRO- 
GRAMMABLE CALCULATOR. The PRIN- 
TEC-100 serial-impact printer, that. in- 
terfaces the H-P 9830A, prints full 
typewriter-like characters at 35-100 lpm 
rates. Adjustable tractors enable the 
printer to handle any paper width from 4 


to 14-7/8 in. Deliveries are 30 days ARO. | 


$3145. Printer Technology, Inc., Sixth 
Rd., Woburn Industrial Park, Woburn, 
MA 01801. Phone(617)935-4246. 171 





12-IN. MONITOR HAS 100% SOLID- 
STATE CONSTRUCTION. Video monitor 
Model MV-12, provides >650-line reso- 
lution and features plug-in modules with 
front mounted controls and adjust- 
ments. An external sync is available in 
Model MV-12-EX. The monitor can be 
used for data terminal display, security- 
surveillance applications, and broadcast, 
educational, industrial, studio, medical 
and VTR display. GBC Closed Circuit TV 
Corp., 74 Fifth Ave., New York, NY 
10011. Phone(212)989-4433. 172 
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FIXED-HEAD MEMORY OFFERS 150k 
BITS/TRACK AT 3600 RPM. This fast disc 
has a capacity of 19.2 Mbits. Offering an 
average access time of 8.3 msec with a 
data-transfer rate of 9 MHz, the memory 
system is capable of field expansion in 
16-track increments up to 128 tracks. 
Error rate is <1 in 10’ bits. Options are 
available. The system mounts in a 
14-3/417X19-in. rack and is available 
for either 50- or 60-Hz operation at 120V, 
at 50 to 115°F. Under $10,000. Pacific 
Micronetics Inc., 5037 Ruffner St., San 
Diego, CA 92111. Phone(714)279-7500.173 
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ELECTROSTATIC PROOF PRINTING IS 
AT 200 DOTS/IN. Two models print hard 
proof copy at 132 characters/line, 12.5 
characters/in., and 8 lines/in. Both use 
11-in. paper, roll or fanfold. The Matrix 
1250 P proofer is linked to computer with 
controller interface for on-line systems, 
printing at 1100 cps. 38x19x18 in. 160 
Ibs. $8200. The Matrix 1250 PTR proofer 
system combines proofer and paper- 
tape reader to form an off-line system for 
ASCII or TTS paper tape input, printing 
at 500 cps. 38 x27 x18 in. 180 Ibs. $10,000. 
Versatec, 10100 Bubb Rd., Cupertino, CA 
95014. Phone(408)257-9900. 174 
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TIMESHARING GRAPHICS OFFERS 
COST/PERFORMANCE CHOICE. This 
BP-734 timeshare/Serial Graphics In- 
terface plots 256 or 1024 vectors on any 
scope or x-y display. No modification to 
terminal or scope is needed, just select 
the baud rate and run. Vector update 
speed is 5/sec with 30 cps terminal or 
40/sec with a high-speed line at 2400 
baud. Megaplot, a Fortran or Basic 
callable subroutine, is supplied. 8-bit 
and 10-bit versions are priced at $1595 
and $2495, respectively. Megatek Corp., 
1055 Shafter St., San Diego, CA 92106. 
Phone(714)224-2721. 175 





HIGH-SPEED DIGITAL PRINTER HAN- 
DLES UP TO 22 CHAR./LINE. Series 722 
printers are available in either hex- 
idecimal or alphanumeric versions and 
with thruput up to 2760 cps. The input is 
either character parallel or character 
serial. Each unit measures 16-3/4x17- 
3/47 in. and weighs 75 Ibs. $990 for the 
print mechanism and $4500 for the 
complete high-speed printing system. 
Datadyne Corp., Box 247, King of 
Prussia, PA 19406. Phone(215)265-1793.176 


SOFTWARE BOOSTS CAPABILITIES OF 
MODCOMP COMPUTER SYSTEMS. 
MAX IlI/IIl operating systems are 
designed for real-time multiprogram- 
ming. The latest user-oriented revisions 
provide a greater flexibility of operator 
communications using priority levels. 
The I/O system (handlers) was revised. 
Tasks now available are SPOOLER and 
terminal emulators. ‘‘Round-robin” task 
execution at priority level and better 
memory utilization through (15) core 
partitions plus multi-level checkpointing 
are included. Modular Computer Sys- 


tems, Inc., 1650 W. McNab Rd., Ft. 
Lauderdale, FL 33309. Phone(305)974- 
1380. 177 





OPTIONAL PRINTER FOR CRT AN- 
NUNCIATION. The Model 120 printer 
functions as a conventional sequential 
events recorder. However, CRT or 
backlighted display can be added for 
primary or back-up annunciation. The 
printer has an event memory and will 
record up to 65 events in actual 
sequence with msec resolution. Options 
include 22-character English language 
printout on the sequential events 
recorder, clock and calendar. The Riley 
Co., 7405 N. Hamlin Ave., Skokie, IL 
60076. Phone(312)675-2500. 178 
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OVERDESIGNED. 


Over designed, yet nicely designed. T.R.I. offers three digital multi- 
meters for three distinct needs (and a// have automatic ranging as a 
standard feature): 


1. A 31% digit DMM for the production line. The 6354 achieves 0.1% DC 
and 0.5% AC accuracy to 20 kHz, with a 6 month calibration guarantee. 
lt has a speed of 2.5 samples/second (or 6/sec. as an option). With shunt, 
DC amps range from 20UA to 2A. Price: $289. 


2. A portable 4 digit DMM for service engineers. The 6364 is accurate 
to 0.01% DC, and to 0.03% AC. It is stable to 0.02% for 180 days. And is 
optionally available with a rechargeable battery pack plus carrying 
case. The 6364 sells for $495. 


3. The 6854 is our 41/, digit DMM intended for the laboratory. It’s small, 
(8.6 Ibs.) and it’s extremely accurate: 0.008% of RDG +0.01% F.S. on 
20 mV DC range or, 0.02% of RDG +0.04% of F.S. +1 digit on 100 Hz to 
10 kHz (AC). Frequency range is 45 Hz to 100 kHz at AC. Stability is 
0.015% of RDG on 200mV/2V/20V, and this is guaranteed for 6 months. 
its autoranging capability goes to 20000 on the up-level; and to 01800 
on the down-level. It has a full-bit-serial BCD output; a noise-rejection 
CMR (DC) of 140 dB and a NMR of 40 GB. It costs $689. 


Three DMMs. Three purposes. Three prices. Give us a call, or write 
today. 


FROM ANY POINT OF VIEW. 





poke 320) 





TRI 6854 


TRI 6364 TRI 6354 








T.R.I. CORPORATION 
505 West Olive Avenue @ Sunnyvale, CA. 94086 ¢ (408) 733-9080 


P.S. We also have a 51/4 digit DMM (model 6656) and a 6% digit DVM (model 6567). 
Circle No. 56 
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10 amps of switching in a1’ cube! 





We call it our Series 19 Relay. You'll call it 
one of the most compact and reliable packages 
you’ve ever used. 


Remarkable 10 amp Series 19 relay is 
low in cost, too — less than $1.00 each 
in quantity. But price is only part of 
the story. The Series 19 also offers the 
advantages of miniaturization and the 
capacity to handle heavy switching 
loads. Result: more performance in a 
smaller overall package. Contact ar- 
rangement is SPDT. Rated 10 amps at 
28 vdc or 115 v, 60 hz. Coil voltages 
available range from 3 to 24 vdc. The 
Series 19 is an ideal choice for a multi- 
tude of low level to 10 amp switching 
applications, including remote con- 
trol, alarm systems and many other in- 
dustrial and commercial uses. 

Equally important, the Series 19 is part 
of a whole family of interrelated low- 
cost relays which will lend themselves 
to multiple usage in the same system. 
Included are: 


cial control functions and alarm sys- 
tems. 

Series 28. Same as Series 10, but fur- 
nished with a dust 
cover for use in 
appliance con- 
trols, remote TV 
tuning, industrial _ 
process controls and similar functions. 
Series 38. DPDT, 3 amp 28 vdc con- 
tacts. Coil ratings 
3-24 vdc. Applica- 
tions include 
business machine 
controls, antenna 
rotor controls, in- 
dustrial process 
controls, etc. 

GP. A miniature general purpose relay 
with 2, 4, or 6 PDT contacts, rated 1, 2 
or 5 amps, 28 vdc 
ofr -115: v,/60 hz. 
Coil voltages: 
6-115 vdc. Con- «4 
sider the GP for 
copiers, business 
machines, control 
or alarm systems, 
etc. Available with single or bifurcated 
contacts. 








Series 10. 

Sensitive, low 
cost, highly reli- 
able SPDT relay 
rated at 3 amps, 
28 vdc. Coil volt- 
ages 3-24 vdc. 
Can be used for a 
wide range of industrial and commer- 





Send for information. Complete technical data on NAPCC relays 
available on request. Write today. 






sare See sera Sasa SaaS 


NORTH AMERICAN PHILIPS CONTROLS CORP 





Seen 


Frederick, Md. 21701 - (301) 663-5141 
Circle No. 57 
104 











COMPUTER PRODUCTS 


i 
ae 
ie 
= 
t 


DATA TERMINAL ADDS DIACRITICS TO 
GRAPHICS IN DISPLAY. Diacritics (i.e.A) 
can be added to the 95 alphanumerical 
characters used in combination with 
graphics for inscriptions on coordinate 
axes and curves. Developed for remote 
data processing, the video terminal has a 
capacity of 1296 characters on a printing 
area of 14.522 cm. Screen contents can 
be emphasized optically by flashing or 
italics. The Transdata 8152 terminal 
conforms to CCITT recommendations V 
24 and V 28 and, teamed up with 
modems, can operate on automatic 
telephone networks. Siemens Corp., 186 
Wood Ave. S., Iselin, NJ 08830. 
Phone(201)494-1000. 179 


MINI-CALCULATOR BOASTS 10-DIGIT 
CAPACITY. It weighs only 9 oz. and 
measures 3-1/16 X5-7/16 X1-1/2 in. Versa- 
tile, the LE-100 solves add-on and 
discount calculations, mixed calcula- 
tions, chain multiplication and division. 
It features all-floating decimal point, 
zero suppression, overflow indicator, 
minus indicator and automatic constant. 
There is a choice of 3 different power 
sources; 4 penlight batteries, recharge- 
able Nicad battery pack, or ac Palmtronic 
Charger II. $99.95. Canon U.S.A., Inc., 10 
Nevada Dr., Lake Success, NY 11040. 
Phone(516)488-6701. 180 





OPTICAL DATA LINK SUITS INDOOR 
NEEDS. This high speed, digital com- 
munications link uses an injection laser 
to transmit asynchronous data at rates to 
9600 bps over indoor paths up to 3000 ft 
long. Four models are offered in the 
DL-100 series. Two feature a voice 
channel, which is multiplexed with the 
data on a single carrier. The terminals 
will interface with TTY or RS-232-C. 
Delivery in 4 mo. $7200. International 
Laser Systems, Inc., 2111 West Central 
Blvd., Orlando, FL 32805. 
Phone(305)843-4731. 181 
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MARK TEN B, 
THE GAS SAVING, PLUG SAVING, 
TUNE-UP SAVING, ELECTRONIC 
IGNITION FROM DELTA. 


NOW AS LOW AS $49.95. 


electronics to 
give real per- 
ifolaaatclalersmr-tale 
Haleiast-tsisye) 
energy. 

Are you a do- 
it-yourselfer ? 


Years of testing 
and use by race 
Car drivers in all 
categories have 
proven Delta's 
Mark Ten B the 
naless) ar-(ehs-talercre 


elainatevam-y s-)¢-100 
on the market today. 

Prove it to yourself. Give you car vroooom! 
With a Mark Ten B Capacitive Discharge Igni- 
dfe) aire) <)>] 00mm Ol ale(=1amaal-maleleleme) m',e]6 | amer-larelacrtt 
things will happen...like reducing costly 
tune-ups by as much as 75%. Further, you get 
better all-weather starts, quicker acceleration 
and better mileage. 

Many operational problems caused by 
emission control devices, poor manifolding or 


Build your own 

Mark Ten B...it’s 

available in low-cost 

kit form. Or, if you prefer, 

get the complete ready-to-install 

unit. Either way, you can install it 

yourself in minutes with no rewiring, even 
over Chrysler and Ford systems. 

FET} en dats merele] ole) aun cole t-h’ar-lalemelt-veren'-1aualehu ance) 

enjoy happy motoring with Delta’s Mark Ten 

B. The do-it-yourselfer's dream that really 


improper fuel mixtures disappear. Delta's 
Mark Ten B even improves the performance 
of brand-new factory installed electronic 
ignitions (Chrysler and Ford). Factory systems 
merely eliminate points and condenser, but 
the Delta Mark Ten B combines the advan- 
tages of capacitive discharge with solid state 


DELTA PRODUCTS, ING. 


Oa ={o) an nt Am BY- 10) om 1B) \ MCI e-Valo ny (0 ]aleidlolammerel(omn oR tole 
10-2. 8c 101010) 


L] Please send me free literature. 
Enclosed is $ [] Ship ppd. (J Ship C.O.D. Please send: Mark Ten B assem- 


bled @ $64.95 ppd. Mark Ten B Kit @ $49.95 ppd. (12 volt negative ground only) ____Stan- 


dard Mark Ten assembled, @ $49.95 ppd. 6 Volt: Neg. Ground Only ______ 12 Volt: Specify 
_ Pos. Ground Neg. Ground Standard Mark Ten Deltakit® @ $34.95 ppd. 


(12 Volt Positive or Negative Ground Only) 
Car Year CC(‘(Ss#XMMte’ 
Name 


Address 
City/State 
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HP’S COMPUTER PRODUCTS. A 26-pg. 
catalog contains photos and descriptions 
of more than 100 OEM products. 
Included are the 21MxX Series minis with 
SC memory, and the HP 2100 Series 
minis and minicomputer systems, all 
with microprogramming options. Pe- 
ripherals include plotters, magnetic-tape 
and disc subsystems, printers and 
readers. It also describes I/O extenders, 
interfaces and software. Hewlett- 
Packard Co., 1501 Page Mill Rd., Palo 
Alto, CA 94304. 202 


STRAIN GAGES. Illustrated and indexed 
to provide quick reference, this 87-pg. 
catalog covers commonly-used foil and 
wire strain gages, semiconductor gages, 
solid state sensors and accessories. BLH 
Electronics, INC., 42 Fourth Ave., 
Waltham, MA 02154. 203 


CONTACTS AND RELAYS, their contact 
protection and arc suppression, is the 
subject of app note, AN-1005. This 8-pg. 
article discusses a full range of protective 
devices, dielectric breakdown, selenium 
Suppressors, and relay circuits without 
Spark suppression. International Rec- 
tifier Corp., 233 Kansas St., El Segundo, 
CA 90245. 204 





ELECTRONICS 


short form catalog 


Beh, 





OPTOELECTRONICS. Catalog SF-1 gives 
specs, part numbers and dimension 
drawings on CdS and CdSe photocon- 
ductive cells; silicon solar cells; silicon 
low-capacitance detectors; silicon blue- 
enhanced cells; selenium photovoltaic 
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cells; npn phototransistors and photo- 
darlingtons; and Vactrol opto-isolators. 
Vactec, Inc., 2423 Northline Industrial 
Blvd., Maryland Heights, MO 63043. 205 


NAT’L/INTERNAT’L STANDARDS. More 
than 5600 American National Standards 
and 3000 international standards and 
recommendations are listed in this 
176-pg. 1974 catalog. Dimensions, rat- 
ings, terminology and symbols, test 
methods, and performance and safety 
requirements for 26 technical fields are 
covered. Also included is a list of special 
ANSI publications in the field of 
standardization. 
Standards Institute, 1430 Broadway, New 
York, NY 10018. 206 


BRA BELO FARRICRBOR AQG-3 


SREB HES Sissons $, 
Memussoem: Pinelons a 
tetewans Unesit Processing 


a0 tasncins 


IC’S. NBS publication 400-3 deals with IC 
processing and assembly. Particular 
attention is given to measurement 
problems in silicon, oxides, photolithog - 
raphy and assembly and the problems 
in information dissemination. 69¢ ea. 
U.S. Government Printing Office, Wash- 
ington, DC 20402. INQUIRE DIRECT. 


OPTO-ISOLATORS. The 6-pg. brochure 
introduces Vactrols—axial opto-isolators 
which operate with either incandescent 
or neon lamps and have photoconduc- 
tive-cell output. Included are technical 
notes, dimension drawings and 40 
graphs. Vactec, Inc., 2423 Northline 
Industrial Blvd., Maryland Heights, MO 
63043. 207 


THERMISTOR CALCULATOR. Key fea- 
tures of the thermistor slide-rule 
calculator allow users to determine max. 
power or voltage for desired min. 
temperature error in design of tempera- 
ture control and measurement circuits; 
resistance ranges at 25°C; dissipation 
and time constant for special thermistor 
types; max. operating temperature, and 
thermistor resistance at any temperature 
point. Fenwal Electronics, 63 Fountain 
St., Framingham, MA 01701. 208 


American National. 








AEROSOL PRODUCTS. This short-form 
catalog describes available aerosols, and 


depicts, with line drawings, their 
application. A chart lists the equipment 
to be maintained, the cleaning problem, 
the remedy and the aerosol product to 
solve that problem. Miller-Stephenson 
Chemical Co., Box 628, Danbury, CT 
06810. 209 


IC PARAMETER EVALUATION. Three 
app notes describe how the J127 circuit 
analyzer can be used to evaluate lec, Vor. 
and input threshold. Each note shows a 
sample programming worksheet, and 
includes an illustration of the gate under 
test. Teradyne, Inc., 183 Essex St., 
Boston, MA 02111. 210 


ANALOG MODULES. The 136-pg. appli- 
cations book ‘‘Applications of OEl 
Products” has 3 indexes and is broken 
down into 8 general product categories. 
Coverage includes op amps, A/D 
converters, logarithmic amplifiers, V/F 
converters, active filters and analog 
memories. Price is $5. Optical Electron- 
ics, Inc., Box 11140, Tucson, AZ 85734. 

INQUIRE DIRECT. 


bd fF POMONA ELECTRONICS 


~ "1974 





ELECTRONIC TEST ACCESSORIES. New 
products introduced in this general 
catalog include a ‘Grabber’ test probe, 
a 36 kV test probe, 7 adapters, 3 banana 
jacks with wire-wrap terminals, 4 patch 
cords and 1 molded breakout. Illustra- 
tions and complete engineering in- 
formation on all products are provided. 
Pomona Electronics, 1500 E. Ninth St., 
Pomona CA 91766. 211 
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INTERNATIONAL’S 





MOE 


crystal 
oscillator 








elements provide a complete 
controlled signal source 
from 6000 KHz to 60 MHz 


The MOE series is designed for 
direct plug-in to a standard dip 
socket. The miniature oscillator ele- 
ment in a complete source, crystal 
controlled, in an integrated circuit 
14 pin dual-in-line package with a 
height of .6 inches, width .5 inches 
and length .8 inches. 

Oscillators are grouped by fre- 
quency and temperature stability 
thus giving the user a selection of 
the overall accuracy desired. Oper- 
ating voltage 6 vdc. 


SPECIFICATIONS 


DC Input 6 VDC @ 10ma max 
RF Output —10 bdm (periodic) 
Output Impedance Low, 100 ohms 
Freq. Stability MOE-5 +.002% 
(-10°C to +60°C) MOE-10 +.0005% 
Calibration +1ppm at 25°C 






















OVERALL 25°C 


CRYSTAL 
TYPE RANGE ACCURACY TOLERANCE 
+ .002% Zero 
MOE-5 6000KHz to 60MHz | —10° to +60°C] Trimmer $35.00 
+ .0005% Zero 
—10° to +60°C} Trimmer $50.00 


INTERN 
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CRYSTAL MFG. CO., INC. 






6000KHz to 60MHz 
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Quiet 


No. 22 of a Series 


is the sound of our 
liquid cooled heat sinks 








Today when you think 
about arrays of power semi- 
conductors or 1600-amp SCR’s you 
think liquid. Otherwise you won't be 
able to hear yourself think. Cooling 3000 
watts in a cubic foot with air makes more 
racket than anyone can stand. Now IERC 
has the building blocks for liquid cooled 
systems to handle that power and you can 
use almost any liquid. For instance, our 


for hot semis 








E-4 and E-5 extrusions 
in foot-long lengths hold 
8-10 devices and dissipate 1000 

watts. For hot shots like hockey pucks 

our liquid sinks dissipate 1000 watts with 
just 20°C case rise. Write for details and 
ask about our liquid cooled packaging for 
circuit modules, too. IERC, a subsidiary 
of Dynamics Corporation of America, 135 
W. Magnolia Blvd., Burbank, Calif. 91502. 


IERC | Heat sinks 
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Coaxial Switches 









Systron-Donner’s remotely programmable coaxial switches 
handle high-speed signal switching and multiplexing in 50 
and 75 ohm systems. Choose from these 3 models: 














Model Number 7714 7718 7732 
Pole arrangement 1X4 1X8 3X2 
(1P4T) (1P8T) (3P2T) 
Rise time <_500ps < Ins <350ps 
Transient aberrations 2% 2% 1% 
(Pk - Pk, 1 ns step) 
Price $130 $185 $165 





For full details, call your Scientific Devices office or contact 
S-D at 10 Systron Drive, Concord, CA 94518. For immediate 
details, call our Quick Reaction line (415) 682-6471 collect. 
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MONOLITHIC CRYSTAL FILTERS 


OF HIGHER THINGS... 

By international convention, the VHF 
frequency range extends from 30 to 
300 MHz. At 30 MHz a monolithic 
quartz crystal filter element is about 
002 in. thick and typically .25 in. in 
diameter. Fragile? Yes indeed. Maybe 
that’s why only a handful of manufac- 
turers offer crystal filters in the VHF 
range. Of these few, one is head and 
shoulders above the rest. Needless to 
say, that’s us. (If we weren’t, we 
wouldn’t be writing this ad). Our first 
monolithic—way back in 1966—had 
a center frequency of 112 MHz. We pi- 
oneered the VHF monolithic crystal 
filter. And we're still pioneering. We 
supply production quantities of VHF 
monolithics at frequencies to 175 
MHz. No one else can make that 
statement, and believe us — we're 
pretty high on our product. 


NOW FOR THE LOW-DOWN 

Although we’re mighty proud of our 
VHF Monolithic Crystal Filters, much 
of our bread and butter is earned at 
lower frequencies. As low as 3 MHz 
in special cases. And at 10.7 and 
21.4 MHz, we offer the industry’s 
widest selection of stock model mon- 
olithic crystal filters—over 50 
models in all. We can help you with 
all your production requirements for 
monolithics. More and more people 
are saying our low down is on the 
up and up. 


... AND WHAT TO DO WITH THEM 

Our VHF Monolithics are used as 
front-end filters and as up-converter 
filters. They're found in satellites and 
in commercial equipment. In the U.S. 
and in most other major countries of 
the world. In VHF two-way radios, 
paging receivers, and HF receivers 
and transmitters. And in a variety of 
special applications, like spectrum 
clean-up in frequency synthesizers. 


What’s your application? Whether it’s 
one of the above or something brand- 
new we’ll be glad to work with you. 
Just give us a call, or a brief note 
outlining your requirements. We'll 
take it from there. 


Piezo Technology inc. 


2400 Diversified Way Orlando, Florida 32804 


305-425-1574 


The Standard in monolithic crystal filters. 
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MINICOMPUTER DISC SYSTEMS. The 
brochure describes a line of ready-to-use 
disc storage systems for minicomputers. 
It details storage specifications for both 
the Series 3500/4500 lines which employ 
Diablo disc drives, and the Series 9500 


_ system which uses the new CDC 9760/62 


disc drives. System Industries, 535 Del 
Rey Ave., Sunnyvale, CA 94086. 226 


POWER SEMICONDUCTORS. The 
‘Power Semiconductor D.A.T.A. Book” 
is a 370-pg. reference to more than 
25,000 high current power semicon- 
ductors of the world. Electrical and 
physical characteristics of power rec- 
tifiers, transistors, SCR’s and triacs 
appear in 13 application-oriented sec- 
tions. Published twice/yr., price is 
$47.50. D.A.T.A. Inc., 32 Lincoln Ave., 
Orange, NJ 07050. 227 


LIT MATES TELL ALL. A 100-pg. systems 
design manual with a 6-pg. technical 
sales brochure provide all you need to 
know about the Series AN5800 com- 
pletely integrated computer-compatible 
data conversion systems. The manual 
includes design information charts, 
drawings and call-out photos. A reply 
card is provided for obtaining prompt 
technical assistance and quotation. 


_ Analogic, Audubon Rd., Wakefield, MA 


01880. 228 


_ FAN/BLOWER RELIABILITY. Reducing 


the voltage to eliminate noise in fans and 
blowers used for cooling electronic 


| devices and circuits, can adversely affect 


equipment lifetime. It also will un- 
dermine reliability and decrease perform- 
ance, according to this bulletin. 


| Several graphs show how reductions 


affect both torque and speed. Rotron 
Inc., Woodstock, NY 12498. 229 


GC/MS DATA PROCESSORS. Three 
comprehensive booklets describe the 
hardware, software, specs and operation 


of gas chromatograph/mass spectrome- 
ter (GC/MS) data processors. GC/MS 
instruments discussed include quadru- 
pole, magnetic and time-of-flight types. 
Specify, on letterhead, the instruments 
of interest. System Industries, 535 Del 
Rey Ave., Sunnyvale, CA 94086. 
INQUIRE DIRECT. 


CARTRIDGE DISC SYSTEM. Description 
and specs for a multi-drive cartridge disc 
system (DD-15) designed to interface 
with DEC’s PDP-11 and 8E; Interdata’s 50, 
70, 80, 7/16 and 7/32; Data General Nova 
Series; and DCC-116 minicomputers are 
contained in a 2-pg. data sheet. DIVA, 
Inc., 607 Industrial Way W., Eatontown, 
NJ 07724. 230 


POWER SUPPLIES. To assist in selecting 
the proper power supply and applying it 
to a system, the ‘Power Supply Selection 
Guide”’ contains charts and graphs on a 
variety of useful applications and 
parameters. A colorful 15%22-in. wall 
chart, it lists general information, 
selection guides and application con- 
siderations. ACDC Electronics, Inc., 
Oceanside Industrial Center, Ocean- 
side, CA 92054. 231 


“TESTING NEWS AND VIEWS” discusses 
news, problems and current areas of 
interest in the testing industry. It keeps 
readers informed of recent federal, state 
and municipal health and safety regula- 
tions and implications, as well as 
innovations at ATL labs. The 4-pg. 


bulletin is published monthly. Associ- 
ated Testing Laboratories, Inc.,9 Brighton 
Rd., Clifton, NJ 07012. 


232 





MICROWAVE TUNING DIODES. Pack- 
age styles, electrical characteristics and 
max. temperature ratings of these diodes 
are described in this colorful bulletin. 
Raytheon Co., 130 Second Ave., Walth- 
am, MA 02154. 233 
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Monsanto | 


Solid 
State 
Optociectronics 


Bonort Form Cataing March 15,7496 Be 4 





OPTOELECTRONICS. The short-form 


catalog itemizes many products in | 


Monsanto’s lines of LED displays, 
discrete indicators, optoisolators and 
solid-state relays. It includes electrical 
and optical characteristics and full 
mechanical data on the products. 
Monsanto Co., 3400 Hillview Ave., Palo 


Alto, CA 94304. 234 | 


THICK-FILM MATERIALS. A 6-pg. bro- 
chure describes standard thick-film 
resistor, conductor, dielectric and insu- 
lating ink compositions. Also included 
are such compatible screen-printable 
products as epoxy cements, solder 
pastes and various optoelectronic mate- 
rials. All products are categorized, 
described and listed. Electro Materials 
Corp. of America, 605 Center Ave., 
Mamaroneck, NY 10543. 235 


DISC DRIVE SYSTEM FOR MINIS. This 
4-pg. brochure describes, illustrates, 
and gives specs for the 116 Mbytes/spin- 
dle DIVA COMPUTROLLER™ I. The 
brochure is most relevant to users of 
DEC, Interdata, Data General and TI 
minis. DIVA, Inc., 607 Industrial Way W., 
Eatontown, NJ 07724. 236 


DIGITAL MULTIMETER. Model 134, a 
3-1/2 digit multimeter, is fully described 
in this 4-pg. brochure. All information 
on the model, which is currently the 
least expensive full-range digital mul- 
timeter on the market, is detailed. Data 
Precision Corp., Audubon Rd., Wake- 
field, MA 01880. 237 


FET ANALOG SWITCHES in several 
sample-and-hold circuits are described 
in app note AN74-2. The paper is 
intended to circumvent the ‘‘cut-and- 
try’’ methods used by many designers of 
these circuits, and presents analytical 
design criteria and practical circuits. 
Siliconix Inc., 2201 Laurelwood Rd., 
Santa Clara, CA 95054. 238 

















When it comes to 
one-source savings 
on solid-state 

ower relays... 





most of the best! 


After all, we originated and patented (#3, 723,769) what has become 
the industry standard for solid-state power relays. Of course, we make 
the broadest line available, 18 models, all in the same field-proven 
package. What's more, they’re UL recognized and CSA certified. And 
since you can satisfy every application need from one source, you'll 
simplify procurement, lower expenses. 

So, whenever you need to control rugged AC loads from low voltage 
ICs or AC line voltage signals, you're sure to quickly find the most appro- 
priate and reliable solution with the leader — Crydom. 


FULL-LOAD CURRENT RATING (AMPS) 
40 


‘ D1202 D1210 D1225 D1240 

12 A1202 A1210 A1225 A1240 
D2410 D2425 D2440 
A2410 A2425 A2440 


CONTROL VOLTAGES: D PREFIX — 3-32VDC/A PREFIX — 90-280VAC 
Call your local Crydom authorized distributor for off-the-shelf deliveries 
of any of our 18 models. And, when you need production quantities in a 
hurry, contact us at the factory for all the facts. 


CRYDOM CONTROLS IgR 


DIVISION OF INTERNATIONAL RECTIFIER 
1521 Grand Ave., El Segundo, California 90245 - (213) 322-4987 
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HI-REL CERAMIC CAPACITORS, 
their use in high reliability applications, 
are the subject of this 20-pg., 4-color 
catalog. High-reliability testing proce- 
dures, inspection criteria, complete 
specs—plus mechanical and_ environ- 
mental characteristics of the capacitors 
—are listed. U. S. Capacitor Corp., 2151 
N. Lincoln St., Burbank, CA 91504. 212 


and 


CRT YOKES AND COILS. A 6-pg. 
product index lists a wide range of 
precision CRT deflection yokes, focus 
coils, accessory coils, rotating yokes and 
mechanical accessories for CRT displays. 
Important operating characteristics are 
charted and recommended applications 
are indicated for each component listed. 
Syntronic Instruments, Inc., 100 Indus- 
trial Rd., Addison IL 60101. 213 


TRANSISTOR TESTING. System app note 
113 describes the 1397 test instrument 
used for testing high-voltage npn 
transistors at voltages up to 2500V. It also 
shows how the 1397 can use an 
automatic handler and special binning 
techniques. Teradyne, Inc., 183 Essex 
St., Boston MA 02111. 214 


CERAMIC CAPACITORS. The 16-pg., 
4-color brochure discusses monolithic 
ceramic capacitors for high-volume 
applications. Complete specs and char- 
acteristics are listed and handy cross- 
reference matrices are included. U. S. 
Capacitor Corp., 2151 N. Lincoln St., 
Burbank CA 91504. 215 


WIRE WOUND RESISTORS. A_ com- 
pletely revised 32-pg. handbook of 
precision and wire wound _ resistors 
includes a military-style ordering guide 
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and cross reference chart, information 
on established reliability devices, a 
technical guide on resistance tempera- 
ture characteristics, plus information on 
nearly 200 types of wire-wound resistors. 
RCL Electronics, 700° S. .21st.'St;, 
Irvington, NJ 07111. 216 


SMALL HOLE DRILLING. ‘‘Diamond 
Drills and Equipment for Small-Hole 
Drilling in Glass and Ceramics’ is a 
technical report explaining the techni- 
ques required to drill precision holes 
through hard and brittle materials. 
Included are descriptions of machines 
and of drills ranging in size from 0.001 to 
0.500-in. O. D. Lunzer Industrial 
Diamonds, Inc., 48 W. 48th St., New 
York, NY 10036. 217 


SCR POWER CONTROLLERS. Con- 
densed product bulletin No. 100A 
provides the data needed to specify the 
proper SCR power controller. Included 
in the 8 pgs. are details of SCR firing 
devices, a comparison of ON-OFF and 
proportional control modes, perform- 
ance options, connection diagrams and 
output waveforms. Vectrol, Inc., 1010 
Westmore Ave.,Rockville, MD 20850. 218 





IBM 1800 PERIPHERALS. Saving money 
on IBM 1800 peripherals is stressed in a 
brochure presenting the CHI-1103 600- 
Ipm printer and the CHI-1106/C add-on 
core memory systems. Computer Hard- 
ware Inc., Box 4496, Sacramento, CA 


95825. 219 


IC CHIP SET. App note 74-1 covers a 
number of methods for constructing 
analog-to-digital converter systems, 
using the LD110/LD111 IC chip set. The 
12-pg. note also provides a basis for 
criteria in selecting system components. 
Siliconix Inc., 2201 Laurelwood Rd., 
Santa Clara, CA 95054. 220 





ELEC TRGOVERY 


WIRE/CABLE HARNESSES, MARKERS, 
ducts and accessory products are 
described in this revised 16-pg. bro- 
chure. The differences and application 
advantages of the products are fully 
explained. This illustrated brochure is 
designed to serve as a_ short-form, 
comprehensive source for ordering and 
quick reference. Electrovert, Inc., 86 
Hartford Ave., Mt. Vernon, NY 10553. 221 


WIRE AND CABLES. The 4-color, 25 pg. 
brochure contains descriptions, en- 
gineering data and specs for the 
‘“‘Mini-Noise’’ coaxial, micromini coaxial 
and twin axial cable, and special 
hook-up wire. Descriptions and en- 
gineering data are also provided for 
MIL-C-17RF coaxial cable and ‘‘Micro- 
Cell’ F110 coaxial cable. Malco, 5150 W. 
Roosevelt Rd., Chicago, IL 60650. 222 


HIGH-SPEED LOGIC FAMILIES. An 
engineering comparison study defines 
and evaluates many of the points of 
comparison that should be considered 
when selecting a logic family to use ina 
high-speed system or subsystem. The 
logic types detailed in the report are 
MECL 10,000 and high-speed Schottky 
TTL. Motorola, Inc., Box 20912, Phoenix, 
AZ 85036. 223 


SOLID STATE RELAYS of 3 basic 
types—contact closure control, solid- 
State control and hybrid control—are 
described in this bulletin. Charts, 
diagrams and graphs give easy refer- 
ence. Grayhill, Inc., 561 Hillgrove Ave., 
La Grange, IL 60525. 224 


PRODUCT-LINE CATALOG. Data com- 
munications maintenance and _ signal 
interface equipment are outlined. In- 
cluded are descriptions of a network 
control system and the data maintenance 
master. Atlantic Research Corp., 5390 
Cherokee Ave., Alexandria, VA22314.225 
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OUR 


CAN BE USED 
DIDDLE YOKE DRIVER 





Presenting some really wild, far-out stuff 
from National Semiconductor. 

For solving some really strange, unusual 
problems. 

Like where you need a diddle yoke driver 
for your high resolution CRT displays... 
or something to continuously drive 50 ohm 
coaxial cables. 

That’d be our LH0063 FET-input 


“Damn Fast Buffer” (that’s its name, honest)... 


which is a whole order of magnitude faster 
than any other buffer on the market... slew 
rates up to 6000V/us. 


Some other hot 
special function goodies. 


The products we're talking about are 
hybrids. Special function analog and digital 
circuits that do things that can’t be done 
with a monolithic chip. 

A FET input op amp with very low 
offset voltage and 5pV/° c max drift. LHO052. 

A high speed sample and hold circuit 
capable of acquiring a 20V step signal in 


oy, under 9.0 LS. LH0053. 


An ultra fast FET op amp with slew 
rates over 500 V/jr sec. LHO032. 

A high current op amp capable of deliv- 
ering over one ampere of output current. 
LH0021. 

Or just maybe you're looking for some 
kind of a thingamajig off the shelf that'll 
transmit sensor signals without line drops or 
voltage noise. (LH0045). 






DAMN FAST BUFFER 


ASA 





Damn good reading. 


Weve rounded up all our way-out special 
function devices and put ’em in a catalog. 


Bit 


or use this coupon. 


You need never again be without a 


diddle yoke driver. Inquire direct 


Gentlemen, 

I think your Damn Fast Buffer is a damn good idea. 
I’d like to receive your Special Function catalog... 
and be damn fast about it. 


Names... 





Company __—$ 


Address 
City. 





State____—- Zip 


Mail to: National Semiconductor Corporation, 
2900 Semiconductor Drive, Santa Clara, California 95051. 





NATIONAL 


National Semiconductor Corp., 2900 Semiconductor Drive, Santa Clara, Calif. 95051; Scottsdale, Ariz. (602) 945-8473: Mountain View, Calif. (415) 961-4740; 

Sherman Oaks, Calif. (213) 783-8272; Tustin, Calif. (714) 832-8113; Miami, Fla. (305) 446-8309: Chicago, Ill. (312) 693-2660; Indianapolis, Ind. (317) 255-5822; 

Lenexa, Kan, (816) 358-8102; Glen Burnie, Md. (301) 760-5220; Burlington, Mass. (617) 273-1350; Farmington, Mich. (313) 477-0400; Minneapolis, Minn. (612) 888-4666; 
Englewood Cliffs, N.J. (201) 87 1-4410; Syracuse, N.Y. (315) 455-5858; Dayton, Ohio (513) 434-0097; Dallas, Tex. (214) 233-6801. 
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How small is small? 


Dear Sir: 

| enjoyed your news story on the 
Keyes paper, ““How much smal- 
ler can digital IC’s be made?” 
(EDN, March 5, 1974.) | think 


Keyes is too pessimistic; for 
example, our 9LS low-power 
Schottky line (formally in- 


troduced April 15) at 2 mW and 5 
nsec breaks his “‘barrier’’ with a 
low-cost IC line using relatively 
simple processing. With more 
exotic techniques such as Iso- 
planar, one can reach 28 pJ on 
700 psec ECL gates with on-chip 
power of 5 pj at 700 psec. 

| always enjoy EDN, keep up 
the good work. 


Regards, 

Rob Walker 

Product Planning Manager 
Digital Products Group 
Fairchild Semiconductor 


Mt. View, CA 94040 





Standardizing standards? 


Dear Mr. Bond: 

| wish to express my apprecia- 
tion for your article, ‘“Com- 
puter-controlled instruments 
challenge designer’s ingenuity,” 
in the March 5, 1974 issue of 
EDN. I think there is a significant 
need to get the entire engineer- 
ing community on board with 


412 


current standards activities. 

However, | would like to take 
issue with some of the concepts 
presented in the article. Kinetic- 
Systems is a manufacturer of 
CAMAC equipment for process 
control and is successfully sell- 
ing that equipment to the 
process control market. Our 
prices are competitive on a per 
system basis, not 2 or 3 times 
more expensive, as your article 
states. 

Also, | feel that care should be 
taken in the use of the word 
standardized. CAMAC is a stan- 
dardized system. You can cur- 
rently buy over 1000 compatible 
CAMAC devices from over 60 
manufacturers. Computer Pro- 
ducts’ RTP system is not stan- 
dard in this sense, it is a 
proprietary system. 

It’s a long way from a 
one-company proprietary de- 
sign to a broadly accepted 
Standard such as CAMAC. It 
takes years of time and hun- 
dreds of thousands of dollars. 

| would recommend that you 
give CAMAC another look as the 
most effective and the only 
standardized approach to com- 
puter-based process control. 


Sincerely yours, 

Lowell A. Klaisner 

Vice President of Marketing 
KineticSystems 

Maryknoll Dr. 

Lockport, IL 60441 


Ed. Note: As Mr. Klaisner points 
out, CAMAC is the only world- 
wide standard now available for 
large instrumentation systems. 
Because of this, it is likely that 
some version of it will eventually 
be accepted as a process control 
standard. That makes it impera- 
tive that valid objections to 
CAMAC be recognized and dealt 
with. The article attempted to 
show some of these objections. 

It was never our intent to 
proclaim RTP a standard when it 
is, as noted, a proprietary 
system. It happens that RTP is 
very “CAMAC-like” in concep- 








tion, but simplified; it provided 
a good example of what CAMAC 
should be more like if it is to be 
an acceptable standard for 
process control. 

As for the price being 2 to 3 
times as expensive, my informa- 
tion comes from published price 
lists. Let me give you an 
example: A Computer Products 
RTP I/O Expander for PDP-11 
costs $900. PCS of Flint, MI also 
makes a complete interface 
system for process control. Their 
PDP-11 interface is $1100. Kinet- 
icSystem’s equivalent interface, 
a CAMAC PDP-11 branch driver, 
is $2645. In addition to that, a 
PDP-11 crate controller is re- 
quired to complete the in- 
terface. It costs $1350. Even 
without the crate controller, the 
price is not really competitive. 
It’s time that the faults as well as 
the virtues of CAMAC were 
discussed. My article was only a 
small step in that direction.—JB 


Author acknowledges error 


Dear Sir: 

Thanks to Mr. Graeme for 
correcting my error in the design 
article, ‘‘Clamp fast pulses with 
one component.” 

His solution for total capaci- 
tance is correct for initial 
conditions, but for recurrent 
pulses the TC zener provides a 
significant reduction in capaci- 
tive loading, contrasted to the 
zener diode. The large zener 
Capacitance is charged through 
the forward-biased diode during 
a positive transition of Vs. When 
Vs goes negative with respect to 
the zener capacitance voltage, 
this junction becomes reverse 
biased and remains so_ until 
Vs; becomes more positive than 
this voltage. Thus, the total 
effective capacitance for subse- 
quent pulses is greatly reduced. 

My apology for not including 
this in the original article. 


Sincerely, 
Wes Walloch 
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FEATURE NO. 1 FEATURE NO. 2 


FETS DIODES 


* J-FETS % RECTIFIERS 
Improved 1Amp_ D0O-41 Package (1 Amp, 1N 4001 thru 
Dual Monolithics High Performance 1N 4007) 
3954 Series 2N 4416 types U310 2Amp DO-27 Package 12Amp_ DO-4 Stud 
5902 Series 2N 4393 Dual U 310 3 Amp Epoxy Encapsulated 50Amp_ DO-5 Stud 
5561 Series 2N 4093 5564 Series 
Plus over 400 other Jedec Registrations * rast di Planar Process 
1N 750 Series DO-7 Package 
MOS FETS 1N 961 Series DO-7 Package 
P’’ Channel Dual MOS FETS 1 Watt Planar Process 
3N 163 thru 3N 166 3N 188 thru 3N 199 1N 4728-1N 4764 
: “6: 1R Series (thru 200 V) DO-27 Package 
Dee 2 Watt Zeners (10 thru 200 V) 
DO-27 Package 
3 Watt Zeners (10 thru 200 V) 
Plastic encapsulated 
5 Watt Zeners (10 thru 200 V) 
IN 5333-1N5388 Plastic Encapsulated 


FOR YOUR RESERVATIONS % BRIDGE RECTIFIERS 


CALL TOLL 7 REE BU IEtat HEE winleand oaey packages available 
% HIGH VOLTAGE ASSEMBLIES 


800-854-2799 2 KV to 80 KV Available to Solitron 


Standard or Custom specifications 


RF APPLICATIONS SWITCH APPLICATIONS 


Bp — 5 Watts Py = 5 Wats 
Grs = 100,000 »MHOS Bypc — 35 VDC Min. 
SEE THE Ciss = 25 pf at 200 MHz (typ.) less — 500 PA (typ,) 


POWER FET Crss = 8 pf at 200 MHz (typ.) Ipss = 400 MA (typ.) 
NF: = <1.5-dB at 100- Niaz Ron = 5 ohms (typ.) 
. Dynamic Range >100 dB Vp =/7V (typ.) 


Total Switching Time = 35 NS 


—— COMING SOON — 2 times the power and gain. For complete information contact your 
SDF 3000 Solitron representative or call the factory. For small quantity orders, contact your 
Solitron distributor. 


SOLITRON SAN DIEGO 


8808 Balboa Avenue, San Diego, California 92123 ¢ Telephone (714) 278-8780 e¢ TWX (910) 335-1221 


ee We make CMOS, too! 








lt writes yo yr 





In your line of work, odds are you need a pencil that writes 
with a super thin line. A line so thin that it can show a lot of 
detail in a limited space. Or crowd a lot of information on one 
small line. That pencil is the new improved Ultra-FINELINE from 
Sheaffer. Available in 0.3mm and 0.5mm models. 

It's a mechanical pencil you can get technical with. The 
exclusive Floating Lead Protector won't wobble or allow the 















ser. 
& LI" 


a 


yoreee if 


eraser lifts out to i 


Lys 
expose spare ///// 
/ ff 
/ we 
















— lead to rotate... or break off. If it ever gets jammed with broken 
Red signal lead, you simply replace the Protector. You never need to repoint 
aia \ a lead or adjust the amount of lead exposed. And the 
Vii Ultra-FINELINE even signals you when it’s getting low on lead. 
Ik ly The Ultra-FINELINE. It makes 
lf designing and technical drawing so 
Hf] clutch holds much easier, we sometimes 
floating lead wonder how we designed it... UL AS) 
Protector without it. 0.3mm and 0.5mm 
er models. Just $2.98 to $5.98. (How's : 
Wh) Floating lead that for talking your language”) ae | aS 
i protector Floating Lead Protector 
P——_ prevents replace ent now available... Sh] EAFFER. 
i 6 for $1. WORLD-WIDE, A textron COMPANY 
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=" PERFORATED 
Ee MATERIALS 


FOR INDUSTRIAL OR 
DECORATIVE USES 


Square holes 


H & K can perforate the desired pattern 
and openareain metallic ornon-metallic 
materials available in coils, sheets or 
plates—from foil thin to 1” thick. 





eeeeanae0eee 
©0008000000 
Round holes 


A vast. number of existing dies pro- 
vides you with a selection from literally 
thousands of patterns, which can be 
perforated to your specifications with- 
(olUh ar-W cole) tare mod ar-iae(-Pam lale-lerenndteyammant<lan 








Slots 
designs are available for immediate as 
shipment in steel, aluminum and tin 
plate sheets, and brass rolls. Oblong holes 
See what a difference over 90 years of 
quality and experience can’make... 

Write for FREE 
e 180-PAGE GENERAL CATALOG NO. 90 
e STOCK LIST OF PERFORATED METALS 
Oval holes 





Decorative patterns 


THE @ a 
J4farrington & Wing | (aren 
PERFORATING CO., INC. ‘Yellow Pages’ 
EASTERN DIVISION A@: 


E. Crescent Ave. at Arrow Rd. _ aT Ly tindee 
Ramsey, New Jersey 07446 — « Perforated Metals” 





CHICAGO OFFICE AND WAREHOUSE 
5650 Fillmore Street 
Chicago, Illinois 60644 
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Domestic Sales Offices 


Hugh R. Roome 


Vice President and Group Publisher 


2721 Columbus Ave. 
Boston, Mass Q? | 16 


i | sy 5 30-77 00 


Terry McDermott 
Marketing Manager 
221 Columbus Ave. 
Boston, Mass 02116 
(617) 536-7780 


NEW YORK CITY 10017 
Bill Segallis, District Manager 
205 E. 42nd St. 

(212) 689-3250 


BOSTON 02116 


Richard Parker, District Manager 


Hal Short, District Manager 
221 Columbus Ave. 

(617) 536-7780 
PHILADELPHIA 19103 
Steve Farkas, District Manager 
Penn Towers 

819 John F. Kennedy Blvd. 
(215) 569-2424 
CHICAGO 

Frank Vitek, District Manager 
Frank Sibley, District Manager 
15 Spinning Wheel Rd. 
Hinsdale, Ill. 60521 

(312) 654-2390 


CLEVELAND 44115 

Frank Hund, District Manager 
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(216) 696-1800 
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John Huff, Regional Manager 
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Ed Schrader, Regional Manager 
5670 Wilshire Blvd. 
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Media House Ltd. 

R 212 Azabu Heights 

1-5-10 Roppongi, Minato-Ku. 
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FREE CATALOG 


CHOOSE FROM OVER 4,500 


UNUSUAL BARGAINS 


Ics | 


lial 





1,000’s OF HARD-TO-FIND 
BUYS FOR INDUSTRY 


Brand new 164-page easy-to-read edition packed 
with new products, charts, diagrams, illustrations. 
On-the-job helps; quality control aids, unique, exclu- 
sive items to speed your work, improve quality, cut de- 
velopment and production costs! Loaded with optical, 
scientific and electronic equipment available from 
stock for industry, research labs, design engineers, = 
experimenters, hobbyists. 

ONE SOURCE FOR ALL YOUR NEEDS 
Tremendous variety. Terrific savings. Countless hard-to-get a 

surplus bargains. Many ‘“‘one-of-a-kinds’’ nowhere else. — 
Ingenious scientific tools. Thousands of components: 
lenses, prisms, wedges, mirrors, mounts, all types of 
accessories. Hundreds of instruments: pollution test- 
ing equipment, lasers, comparators, magnifiers, 
microscopes, projectors, telescopes, binoculars, 
photo attachments, ecological items, black light 
equipment and America’s largest collection of unique 
lighting products. 

BUY DIRECT WITH MONEY-BACK GUARANTEE 
Edmund ships over 5,000 orders monthly to America’s 
largest industrials — every item guaranteed! You must 
be satisfied, or return your purchase in 30 days for 
your money back. Shop the catalog of America’s larg- 
est Science-Optics-Electronics Mart with confidence! 
Get your FREE copy without obligation. No salesman will 
call. Write now for free catalog. “AT” 


EDMUND SCIENTIFIC CO. 
300 EDSCORP BUILDING 
BARRINGTON, NEW JERSEY 08007 
TELEPHONE: 609-547-3488 
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A program loader 
‘ina briefcase! 


STR-LINK” | 


on™ 


Specifically designed for on-site loading of pro- 
grammable controllers, remote computers, and 
terminals. Especially useful for field service peo- 
ple. 19" Relay Rack-Mount Kit available to inte- 
grate into your packaging. 

Check these features: 


e Briefcase portability. 
e 20MAcurrent loop 


e Read/Write capability at 
410, 150, 300 or 1200 baud. 


or RS232. e Write at one speed, play back 
e Speed Tolerant at that speed or any higher. 
Recording. e Only $995 in OEM quantities. 


INCORPORATED 


A Subsidiary. of Samsonite Corporation 


ELECTRONIC PROCESSORS [: lil 
a 


Electronic Processors, INc., 41265 W. Dartmouth Ave. 
Englewood, Colo. 80110, Phone: 303/761-8540 
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SENSITIVITY AND ACCURACY 
AREN'T THE ONLY THINGS WORTH KNOWING ABOUT 
OUR COUNTERS 


We know sensitivity is important. So 
we designed our frequency counter 
to measure a wide range of signals: 
10mVrms from 100Hz to 550MHz 

(or 100mVrms at 10Hz to 100HZ). 
We know you want accuracy too. 
Therefore, a 5x10 day aging rate, 
delivered from a temperature- 
compensated crystal oscillator (and 
nine digits to resolve all that 
accuracy). We figured you might also 
like cleaner signals, so we devised 
an automatic noise suppressor. Then, 
to guarantee your interest, we worked 
in an appealing price: Consider 
$950.00 in single units (greater 
quantities get lesser prices, 

of course). 





The complete package Is called 

the 5108. We honestly believe you 
cant find a better combination of 
sensitivity, accuracy, quality and price 
in any other frequency counter. 


However, if your needs run along the 
line of universal counters, look to 
our 5104 and 5106 models. 

The 5104 has a frequency range to 
SOMHz, and Is sensitive to 50mVrms. 





It measures time interval, period, 
totalizes events and has a price tag 
of $590.00. The 5106 has a higher 
range: 7OMHz. A better sensitivity: 
10mVrms. It measures both 
chattering and burst mode signals. 
It costs $1250.00. 





T.R.I. iS accompany which represents 
two decades of progress in digital test 
equipment, instruments and pricing. 





T.R.I. CORPORATION 
505 West Olive Avenue, Sunnyvale, CA 94086 
| (408) 733-9080 
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The spec sheets 
teil you what should happen. 







(No load) —————»>— 
Linear curve you 
would assume from 
spec sheet 
information. 








Actual curve with ; 
device loaded as _ 


specified. 





Output Voltage 5V/DIV —— 
Input Voltage 50 -V/DIV 


“he 577 shows you what did. 


When you're designing circuits using linear IC’s, you rejection ratio. And power supply rejection ratio. In addition, 
count on spec sheets for the information you need. Generally, the 577/178 displays thermal effects. Popcorn (or flicker) 
gain, CMRR and power supply rejection ratio are given as noise. And parameter nonlinearities. And the 577/178 has a 
the ratios of voltage changes measured between discrete storage display to retain curves for comparison or detailed 
points. You assume a “linear” integrated circuit has a linear evaluation. Yet it costs only $3100. 
gain curve (a straight line) with no spurious excursions. But . 
an actual device operating in real-life conditions isn’t always To learn about the pitfalls of linear i 
: é performance and measurements write to 
linear. Often it produces very irregular curves that may make 
a big difference in your finished circuit Tektronix for pamphlet No. A3040. 

Tektronix, Inc., P.O. Box 500, 


These irregular curves are hidden from meters, digital Beaverton, Oregon 97005. 

read-outs and go no-go indicators. In fact, a Curve Tracer Or call your local field engineer. 
with its CRT display is the only way to see what is actually 
happening across the entire operating range of the device 


you're testing. 
The Tektronix 577/178 Curve Tracer will measure and display 


gain. Offset voltage. Input bias current. Common-mode TEKTROND©G a 


committed to 
technical excellence 


For Demonstration Circle No. 4 For Information Circle No. 5 
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The digital pocket stockbroker. 
if you want to design one tomorrow, 


we're ready with your CMOS devices today. 


Portability is just one of the 
benefits CMOS can contribute to 
your design. 

You know the others. CMOS 
has opened whole new worlds to 
the imagination, with its high noise 
immunity, low power consumption, 
and tolerance of varying supply 
voltages. 

And you know who made it 
all possible. RCA. We created the 
technology, developed the manu- 
facturing expertise, and introduced 


the COS/MOS CD4000 series, 
accepted as the industry standard. 
A series that is growing monthly. 
That's why the logical decision 
for CMOS is RCA. We're also a 
leading producer of linear IC’s. As 
well as a commodity supplier of 
power transistors; developers of 
liquid crystal displays; technology 
innovators of RF power devices; 
and a major supplier of thyristors. 
In addition to comprehensive 
technical product data, RCA gives 


to excellence in everything from — 
research to manufacturing. . 
So whatever you're into, and 


whatever you need, check with us 


first. Chances are one or more of 
our products anticipate your need 
A good place to start is to check o 
handy product line guide. Write — 
RCA Solid State, Section 50H5, 
Box 3200, Somerville, N.J. 08876. 


international: RCA, Sunbury-on-Thames, U.K., or Fuji Building, 7-4 Kasumigaseki, 3-Chome, Chiyoda-Ku, Tokyo, Japan. In Canada: R y, Limi id. 
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you professional and experiencea._ 
field engineering and applications — 
support. As wellasacommitment 











